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PREFACE. 



The object of this Work is to communicate, in a simple 
form, to the general reader, the chief results of Geological In- 
vestigation. No detailed account of particular districts, — ^no 
minute statements with regard to peculiarities of structure ex- 
hibited in various formations, or in their fossil contents, — 
must, therefore, be expected ; and, on the other hand, the reader 
will be spared, as far as possible, the mere technicalities of the 
Science, while being informed of the views deduced from the 
study of them. 

The Author hopes, that if, in thus endeavouring to commu- 
nicate definite ideas concerning the Ancient History of the 
Earth and its Inhabitants, he. shall be found not to express 
with perfect accuracy the whole amount of what is known in 
every department of Geological Science, his attempt may yet 
be received favourably, as a fair sketch of such history, at least 
in its broad Outlines. 
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More than this he does not attempt; nor would it be easy so 
carefully to digest all that is known, and so to harmonize con- 
flicting views, as to satisfy every one on a subject which is still 
obscure in many important points. 
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DESCRIPTION OF THE FRONTISPIECE. 



The Frontispiece is intended to give an idea of what may proba- 
bly have been the aspect of Vegetation in England during the Coal 
period. The trees introduced are chiefly those living forms which 
seem most analogous to extinct species. In the centre is a tree fern, 
which was certainly a common and characteristic plant. On the left 
is represented an ideal restoration of a Lepidodendron (see p. 94 ;) 
on the right in the distance are the tops of Araucarias, coniferous 
trees nearly allied to which have been found in the coal-measures. 
The remaining trees and plants are inhabitants of Norfolk Island or 
Eastern Australia, but seem to have had representatives in ancient 
times. 
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PICTURESQUE SKETCHES 



or 



CREATION. 



CHAPTER I. 

EXPLANATORY AKD INTRODUCTORT. 

LoN6,-7-Tery long ago, — many ages before the creation 
of Man, this world on which we dwell existed as the habi- 
tation of living beings, difierent from those now tenanting 
its surface, or inhabiting the ocean which covers so large a 
part of it ; but yet sufficiently resembling them to admit of 
that degree of comparison by which the general form, the 
proportions, the peculiarities of structure, and even in some 
cases the habits of these ancient dwellers upon earth may 
be determined. 

The history of the succession of these beings, in that part 
of the world now occupied by the British islands, happens 
to be traceable with remarkable facility and certainty, pre- 
senting few breaks in the succession, except those common 
to most parts of the land hitherto examined. It is a history 
of antiquity which ought not to be neglected ; it possesses 
a deep interest, although man does not figure among the 
dramatis persofiiB; and the history is clearly made out by a 
chain of evidence, difierent indeed in kind from that ordi- 
narily resorted to for the establishment of historical views, 
but not for that reason less satisfactory or convincing. This 
2 
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history, too, is exceedingly important in its bearing on the 
wants and occupations of men ; and upon the particular order 
and nature of the events it records have depended no incon* 
siderable proportion of the many physical advantages pos- 
sessed by England over all the rest of the world. 

The alternation of rich plains and hilly surface which 
characterizes our country, and which are so well adapted 
for cultivation— her valuable mineral resources of coal, and 
of iron and other metals — her insular position — her temperate 
climate — her capability of supplying almost all the wants of 
man ; — all these must be ranked among the advantages de- 
rived by England from happy peculiarities in the arrange- 
ment and ordering of the materials which make up her su- 
perficial crust of mineral matter; and all are conditions the 
causes of which may be investigated. And if it is thought 
discreditable to an educated person to be unacquainted 
with the history of the people of his own country, it ought 
surely to be considered of importance that be should possess 
some degree of knowledge also concerning this much wider 
range of history, involving as it does an account of the 
revolutions and changes on which so many important mat- 
ters depend ; but yet how many people do we meet, other- 
wise well educated, who look with indifierence, or even 
contempt, on this branch of knowledge ! 

lii spite of the deep interest of the subject and its great 
importance, comparatively few are familiar even with the 
general nature of the successive events which have modified 
the whole surface ^^of the globe ; and I shall be glad if, in 
the following pages, I can give my readers a distinct appre- 
ciation of what is actually known with certainty concerning 
this new kind of history. In doing so I shall, I am sure, 
be doing good service^ not only to science, but also to 
general literature ; exhibiting a link little thought of, and 
an analogy almost neglected ; and causing Natural History 
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to appear, as it really is, an account of a succession of events, 
and not merely the description of the habits and structure of 
certain groups of animals and vegetables. 

In thus undertaking to give an account of Nature and of 
her operations, from the earliest records not only of man 
but of Creation, I shall be somewhat in the condition of an 
author proposing to communicate the history of an ancient 
people who imve left monuments of their existence in their 
ruined temples and mausoleums, but who^ language is very 
imperfectly understood, and whose written documents are 
obscure and vague. 

Now an historian in such a case would, doubtless, think 
it necessary first of all to make his readers aware of the 
kind of evidence he would have to adduce in attestation of 
his statements and descriptions ; and it is manifest that, if 
there is an absence of the ordinary documentary evidence, 
it would be still more requisite that the credibility of his 
narrative should be supported by a constant and direct re- 
ference to facts, either evident in themselves or admitting 
of distinct proof. 

There are not wanting instances, indeed, in which con- 
clusions perfectly satisfactory have been arrived at, and 
histories prepared, without the existence of any written 
documents whatever. The d<>mestic manners of the Egyp- 
tians have been clearly made out by an examination of that 
picture-writing which has been called hieroglyphic ; ^nd in 
the same way the careful observation and comparison of the 
figures painted on vases or sarcophagi has thrown light upon 
a similar subject of research, with regard not only to the 
ancient Greeks, but even the Etruscans, of whom at best 
we know very little, and absolutely nothing by any direct 
historical documents. The knowledge thus acquired indi- 
rectly is however valuable, because it may generally be 
thoroughly depended ovk\ and if the facts so determined 
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appear at first sight few and unimportant, they are found 
firom time to time to possess an increasing value, and they 
are the more credible as being for the most part too unim- 
portant in themselves to have been worth while to falsify. 

Now, in a way not much unlike that which must be pur- 
sued in investigating this kind of history, it is possible to 
make out an account of the successive events that have 
taken place in various parts of the world, n^t only before 
the earth was inhabited by civilized men, but even when 
man had not yet been created. 

Since, however, before attempting to give a history of a 
people, it must be perfectly certain that the people to be 
spoken of did once exist, so the reader has a right to require 
that, before commencing, as I propose to do, an account of 
the pre-adamite world, it should be clearly shown that there 
exist for this account the true materials of history , and that 
there is, in fact, that degree of order and system in the ar- 
rangement of the different parts of the earth's crust, without 
which there could be no connected or reasonable account 
of events. 

(The proof of such a condition is, however, at hand, and 
requires only that the very commonest appearances of nature 
should be studied. No one can visit a chalk or sand pit, 
or look for one moment at a stone quarry, — no one can 
consider the appearances so commonly presented by a sea- 
cliff, a cutting for a road, or a sinking for a well, without 
being perfectly convinced that the limestones, sandstones, 
and clays, of which a great part of the earth's crust is made 
up, were not thrown confusedly together,^ but are arranged 
in some degree of order, lying upon one another in regular 
beds or strata. A very little inquiry into the way in which 
these strata rest upon one another, is amply suflScient to 
prove that order does exist in the arrangement of the greater 
proportion of the materials of the earth's crust; and the 
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more strictly this inquiry is carried out, the more convinced 
will the observer become of the great feet, that there is a 
history to be learnt — a succession of events to be de- 
scribed. 

But it may be said, and with great reason, that the mere 
fact of order in the arrangement of these sup^cial materials 
proves nothing more than that they were deposited in suc- 
cession, and they might either have been so placed at the 
first creation of the world, or, since the whole bears marks 
of aqueous action and of disturbance, that the successive 
beds may have arranged themselves as we find them during 
some great deluge. But the possibility of this is contra- 
dicted by appearances presented to the observer of nature 
at every turn, and by the result of every investigation,, 
however superficial, when the actual structure of the earth 
is laid open, whetjier in the quarry or the sea-cliff. 

There are, indeed, so many distinct facts that prove both 
the nature of the deposits and the circumstances of depo- 
sition to have been very different from either a creation of 
the surface as it now exists, or the formation of such a sur- 
face by a deluge, that it is more easy to be confused with 
their number and variety, than to resist the conclusion when 
the reason is fairly appealed to. Among these facts we 
may perhaps select these three with advantage, as the most 
prominent, viz. (1.) That a vast number of strata may be 
discovered to rest on one another, and that they are of very 
great thickness and extent, and exhibit great variety both 
in the nature and condition of the materials of which each 
is made up; (2.) That the beds are found, in many cases, 
not lying regularly upon one another, but showing by their 
direction and inclination that one series has had time to 
harden, and be disturbed in position, before another was 
placed upon it; and (3.) That almost throughout the whole 
great and varied series of strata there are found the remains 
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of a number of animals of different kinds, chiefly but not 
entirely of marine origin ; each group of which presents in 
itself a history, and denotes a peculiar condition, both of 
the depth of the water, and the structure of the sea-bottom 
especially adapted for it. The proper consideration of the 
three facts, or rather classics of facts, thus alluded to, cannot 
fail to satisfy any one that the strata of the earth's crust were 
formed gradually and slowly, under various circumstances, 
and at different times. I do not mean, however, now to 
illustrate these facts at any length, because, in truth, they 
would involve the whole subject of Descriptive Geology, 
and would require the introduction of details, and the use 
of technical language, which it is my especial object to 
avoid. The reader must either take for granted that there 
are such facts, or he may satisfy himself concerning them 
by a very slight amount of observation and investigation. 

Although, however, the following pages may not com- 
municate any such argumentative proofs of the truth of 
Geological conclusions as would be required to convince 
those who are determined to doubt, yet actual observations 
will be presented to the notice of the reader in order, and 
the conclusions which alone seem rational will be narrated 
as history. My object in alluding to the series of investi- 
gations on which the science of Geology is founded, is 
rather to show how far there are supposed to exist mate- 
rials for description and history, than to enter into any dis- 
cussion or argument concerning these materials. It is 
enough that I have alluded to the nature of the facts, and 
the kind of observations required. 

Taking it for granted, then, that there is something in the 
structure of the earth which requires and admits of investi- 
gation, let us next see how far this investigation can be 
carried with reason, and how far the structure of the globe 
is laid open for examination. The reader must indeed be 
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contented to take upon trust the statements that will be 
made in this introductory chapter concerning Descriptive 
Geology, but he may be assured that they are too well 
established, and founded on too many observations, to be 
shaken, or even questioned. 

In the first place, then, there is the evidence of what are 
called "Geological sections;" offering sufficient proof that 
the difierent strata of which the earth's crust is composed 
are of certain limited extent and thickness, and that they 
overlie one another in regular order. This kind of evi- 




SECTION ILLUSTRATING T&E StCCESSION OF DEPOSITS. 

dence reaches indeed farther, and proves very sufficiently 
that there is some characteristic mark of each group of 
strata by which it may be known and recognised ; so that 
the kind of sandstone, limestone, or clay beds that may exist 
in one part of the series, and the order in which they suc- 
ceed each other, is not so closely imitated in another part, 
but that a distinction may generally be drawn without much 
difficulty. Geological sections, and the maps which should 
accompany them, prove also in addition to this, that over 
large tracts of country, and even over whole continents, the 
same invariable order of arrangement of the strata may be 
traced ; so that the Greologist is thus enabled to advance 
with some confidence, and frame those generalizations 
without which Geology could hardly exist as a science. 

Besides this evidence, derived from the examination of 
the mere mineral materials of which strata are composed, 
there is however another, and a far more important means 
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of acquiring a kno\irledge of the earth's history, derived 
from the study of the animal and vegetable remains that are 
found in almost every one of the whole series of strata which 
make up its crust. It is these organic remains — called 
sometimes ybm/^,* as being, of all things that are dug 
out of the earth, those of greatest interest to man in his ef- 
forts to penetrate into the past, — that afford most clearly 
and distinctly the information required concerning the 
history we need; and it is from them, and from studying 
the language they speak, that sound conclusions are arrived 
at in matters of the most interesting detail, as well as in the 
broadest generalities obtained in our history. 

Fossils have sometipies been called the Medals of Crea- 
tion, and to a certain extent the simile is a just one ; for as 
medals serve to mark either an actual occurrence, or at 
least the view taken of a supposed occurrence by contempo- 
rary authorities, so fossils bear the impress of their date ; 
they mark the condition of the earth at the time and place 
of llieir deposit, and in so far therefore at least they are ma- 
terials for history. 

But fossils are much more than mere indications of the 
history of the time to which they refer. They themselves 
express the yery language of nature ; they bear actual, di- 
rect, and unquestionable testimony to the course of nature ; 
and when properly eonsidered, and investigated with a 
view to those analogies which the study of existing nature 
teaches, they exhibit distinct proof of a long series of suc- 
cessive creations, characterizing dilSerent epochs in the 
earth's progress. They are also found to be, in a very dis- 
tinct and important sense, characteristic of formations ; by 
which it is meant that certain groups of species are chiefly 

* Frtm the Latin /Q«<iZ»»,^that which may be dug oat of the earth. 
The word was originally used in English as synomymous with mineral, 
l^ot has gradually become limited to its present meaning. 
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met with in rocks of one age, the various species of each 
group being more rarely found in those of the preceding 
and succeeding periods, but never met T?ith again in abun- 
dance. And this is not the less true because a few of them, 
escaping it would seem as if by some unusual powers of 
endurance, and stragglers from the general herd, have con- 
tinued to exist for a long time, and through many subse- 
quent periods. 

From these two positions, both of which have been 
satisfactorily proved in the progress of Geology, — namely, 
that fossils are characteristic of formations, aqd that in all 
the different parts of animal and vegetable structure there is 
reference to every peculiarity of habit in the complete or- 
ganized being ; it follows that the study of fossils becomes 
an important and necessary branch of Geological research. 

There are, however, two ways, by means of each of 
which satisfactory conclusions have been arrived at from 
the study of organic remains ; and as, of these two, one 
chiefly bears upon Geology, while the other has reference 
quite as mudi to Natural History, generally, so both unite 
in laying the foundation, and building the superstructure, of 
that general history of the world which it is the true object 
of Geology to describe. 

It is not difficult to explain the value of fossils in each of 
these two respects. To the Geologist they are of value, 
not only in the identification of strata in diflerent parts of 
the same district when the mineral character of the beds is 
doubtful or variable, but also in determining those groups of 
strata which shall be either classed together as having some- 
thing in common, or separated as entirely distinct. Viewed 
in this light, they become the groundwork of classification ; 
and every successive observation proves that, when properly 
and carefully made use of, they are entirely to be depended 
on, as being not only the best, but the only safe means of 
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separating some strata, and uniting others into groups. 
Such is their Geological value: and their bearing upon 
Natural History is no less real or important. They afford 
numerous links in the great chain of organized beings; they 
explain difficulties otherwise inexplicable; they suggest rea- 
sons and causes for the most extraordinary variations from 
the ordinary course of nature ; and they teach us the im- 
portant truth, that, throughout all time, there has been a 
perfectly uniform plan pursued in the construction of the 
world, and its adaptation for successive races of beings ; 
but that this plan has admitted of innumerable modifications 
in the manner of carrying it out, all evidently adapted to 
changing circumstances. 

In one word, it is by the proper interpretation of fossils 
that a science has arisen, unlike any other in its investiga- 
tions ; nobler than any, except Astronomy, in the object at 
which it aims ; and more interesting than any, inasmuch as 
it combines every branch t)f Natural History, commonly so 
• ' called, with those inquiries into a former condition of exist- 
ence which are best calculated to attract the fancy and ex- 
cite the imagination. Removed, however, from the con- 
dition which it long occupied, as an amusement for specu- 
lative men who were contented to imagine for themselves 
theories of the earth, and propound them for the astonish- 
ment, the admiration, or the contempt of the world. Geology 
has now become the receptacle of innumerable observations, 
carefully made and accurately recorded; and from this treasure- 
house of facts there must soon be derived a theory that will 
command attention, and a knowledge of laws not less uni* 
versal than the law of gravitation, or the theory of the solar 
system. Meantime I propose in the following pages to arrange 
some of these facts in order, and so present them to notice, 
that, while the main results which they prove are plainly 
set before the reader, he need not be deterred from con- 
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sidering tbem by any too minute reference to the details of) 
the facts themselves, or the circumstances under -which 
they have been discovered or observed. 

But I must not proceed to the immediate subject T?ithout 
stating, in a few very words, the nature of the arrangement that 
I shall follow in> my descriptions. In many cases the phe- 
nomena themselves, by a due consideration of ^^hich groups 
of strata are distinguished, will be stated and explained ; 
but it will not always be convenient to do this, and in such 
cases I would have the reader recollect that I have not 
ventured to draw a line of demarcation unless nature has 
distinctly indicated it. These lines, however, are not all 
equally evident. In the whole series of strata exhibited in 
the British isles, there are, for instance, only two groups so 
natural, so unquestionable, and so real, that they render the 
task of classification easy and satisfactory. One of these 
groups is again subdivided, and this separation also is 
marked by a great change in organic remains, so that we 
have three sets of beds, which we may call respectively the 
Ancient, the Middle, and the Modem, and each of these 
we may conveniently look upon as denoting a lapse of time 
which we may call an " £pocA." 

The remaining subdivisions are often very strongly, 
though not so completely indicated; and to these I shall 
apply the name ^^Period^^^ as also sufficiently convenient. 
It will be found that the different epochs and periods de- 
scribed are in most cases distinguished by a commence- 
ment and a termination, often not the less interesting that 
each exhibits an occasional passage, both by mineral struc- 
ture and fossil remains, into the beds of the next succeeding 
one. 

In describing the groups of fossils, however, it will be 
necessary, in order to avoid repetition, that we should as 
far as possible confine our attention in each case to some 
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group of animals or vegetables whose remains are most 
characteristic of the particular period which they are as- 
sumed to illustrate ; and for the sake of convenience we shall 
often perhaps seem to neglect, or pass by with very slight 
mention, those which are nevertheless widely distributed 
in the rocks of the period under consideration. This might 
lead to some confusion, and even to wrong conclusions, if 
it were not understood beforehand that such apparent ne- 
glect is not without a reason. 

In order to remedy this evil in some measure, I have 
here appended a tabular view of the various periods, in the 
order in which they will be treated, and with particular re- 
ference to the forms of organic life most strikingly exhibited 
in each. By glancing the eye over this table, the reader, 
however little acquainted with the details of Geology, will 
at least be enabled to recognise the plan, and will thus 
enter on the descriptions with some general notion of their 
bearing on the whole range of creation. 



Tabular View of the Successiye Geological Periods. 



r 



/lO. The Period of the caverns and gravel; with 
Carnivora, the Megaceros and other gigantic 
ruminating animals, and the elephants of Eu- 
rope ; and of various gigantic animals in Asia, 
America, Australia and New Zealand. {Newer 
Tertiary.) 
1 9* The Period of various large animals of the 
III. The Modern Epoch./ Middle Rhine valley, succeeded hy that of the 
\ mastodon and elephants in North America, 
England, Northern Europe and India. {Middle 
Tertiary.) 
8. The Period of the pnehyderms of the Paris 
basin, and of the sub-tropical (7) fruits and 
animals of the London and Hampshire Basins. 
{Older Tertiary.) 
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II. The Middle Epoch. 



I. The Ancient Epoch.. 



^7. The Periods of the Chalk and Greeiuand; 
during^ the depoiit off which there was pro- 
bably a deep sea, coyeringr a large proportion 
of the ezistingr land. 
/6. The Periods of the grigantic land reptiles, the 
flying reptiles, the gigantic erooodilians, and 
the first introduction of mammalian animals. 
{Wealdent^ndOolke.) 

5, The Periods of the frog-like, bird-like, and 
marine reptiles. {Lias and TVtos.) 

^4. The Periods marked by the presence of yege- 
tables and the first introdoction of reptilian 
animals. (Permian and Carboniferous.) 

fS, The Period of fishes. {Devonian,) 

\2. The Period of invertebrated animals. {Silu- 
rian,) 

^ 1. The Period antecedent to the introdoction of 

m. 
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THE FIRST OR ANCIENT EPOCH. 



CHAPTER II. 

THE PERIOD ANTECEDENT TO THE INTRODUCTION OF LIFE. 
THE DEPOSIT OF N0N-F08SILIFER0U8 ROCKS. 

JuDGiKG from the general appearance of the solar system, 
and combining the result of astronomical observations on 
distant bodies in the universe \vith the appearance pre- 
sented by various rocks on the earth's surface, it seems not 
unlikely that, at a very early period of its history, our globe 
existed as an intensely heated body in a fluid state, (the 
fluidity being the result of igneous fusion,) and that it gra- 
dually cooled at the surface, perhaps by exposure in space, 
contracting in dimensions as it cooled and hardened. In 
this manner, it may be, a succession of thin solid crusts 
were formed, each in succession shrinking and cracking, 
until at length when a certain balance was arrived at be- 
tween the thickness of the crust, the rate of cooling, and the 
amount of internal heat, there would be left a rough un- 
even surface, having many elevations and depressions, its 
temperature being sufficiently reduced to allow of the exist- 
ence of some such atmosphere as now surrounds it, and 
also permit the permanent presence of water in a fluid state 
reposing in the hollows, and forming seas, lakes, and oceans. 
During the whole of this time, and until the existence of 
water in the liquid state, and the establishment of a sea. 
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and pesbaps long after^vards, it is likely that there were 
no living beings on the earth ; because so far as we know, 
neither animal nor vegetable can exist, and perform its 
functions, at the temperature of water actually boUing,*— 
although at a temperature not much short of that, some 
small animalcules, and even some animals of higher organi- 
zation, would seem capable of enjoying life. Thus, there* 
fore, according to this view, — and the reader will under- 
stand that it is merely offered as the most probable expla- 
nation of certain appearances observed, — the first period of 
the existence of the earth as a planet was marked by & 
chaotic state of igneous fusion, and characterised by fre- 
quent disturbances of the surface consequent upon cooling 
from such a state. Let us consider for a moment what 
kind of rocks are exhibited to us when we examine these 
earliest records of our globe, and let us see also how far 
W6 are able to examine them. 

In the first place we oflen find, as the basis of all other 
rocks in mountain-chains, and throughout some extensive 
tracts of country a well known-rock called granite; a rock 
whose structure is crystalline, and which bears strong marks 
of having cooled slowly from a state of intense heat. This 
rbck is found in all parts of the world, and sometimes in 
widely extended masses. It generally exhibits its own 
characteristic features with sufficient distinctness to leave 
no doubt as to its nature ; and it may be found in our own 
island^ as, for instance, in Cornwall, Wales, and Scotland ; 
and in other parts of Europe, as in the Scandinavian moun- 
tains, the Hartz,the range of mountains separating M)rthern 
Germany from Bavaria and Bohemia, in the Alps both of 

* This refers, of course, to the boiling temperature of water at the earth's 
surface with the present atmosphere. There is no proof of any change in 
the gaseous condition or pressure of the air, neither do we know what 
would be the condition of the sorikce with a 9ieam atmosphere. 
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Switzerland and the Tyrol, in the Pyrenees, and in the 
Carpathians. In Asia it forms the centre of the Caucasus ; 
it occupies a large part of the Himalayan, Uralian, and 
Altai mountains ; and is found also in Siberia. In Africa 
it appears in upper Egypt, in the Atlas mountains, and at 
the Cape of Good Hope ; and it may be traced along the 
Western part of the whole of the two Americas, and ap- 
pears again in the Southern Islands and in Australia. 

A rock so universally extended might, almost for that 
reason, be looked upon as the foundation and the main 
soHd frame- work of our globe. It must not be lost sight of, 
however, that in many cases the granite has been, if not 
formed, at least placed in its present position, in a pasty or 
fluid state,* long subsequent to the early period of which 
we are now speaking; and thus, though we may safely con- 
sider the granite as frequently the oldest rock, we should 
always remember that a material so widely extended and 
so important, may be elaborated and expelled from the 
deep recesses of Nature's store-house at any time, and even 
at the present day. 

I shall not detain the reader any longer with an account 
of the rocks which have been called " Primiiive,^^ but shall 
quit this subject with a remark which, from the manner in 
wl^ich I have spoken of granite, may perhaps be necessary. 
It is this : that there are many kinds of granite and granitic 
rock, some of them very different from ordinary granite in 
appearance, and that there are also many other so-called 
primitive rocks very different in structure ; but these varie- 
ties do not prevent the account I have given from being 
sufficiently accurate for my purpose, and I trust the reader 
will not suppose, when he has read through this little 
volume, that he has learnt every thing in Geology. 

* In either case the resolt of intense beat acting ander enormoas prei- 
sare. 



Digitized by CjOOQ IC 



OF CREATION. 33 

Next in order to the crystalline rocks, and almost as 
widely extended, there are two or three others, often them* 
selves crystallme, but bearing evident marks of what is 
called ^^ mechanical structure," or^ in other words, of having 
been deposited from water. These may be described as 
gneiss, mica-schist, and clay-slate.* If we imagine com- 
mon granite coarsely pounded, and thrown into a vessel of 
water, it will arrange itself at the bottom of the vessel in a 
condition very much like that of gneiss, which is indeed 
nothing else than stratified granite. If the water in which 
the pounded rock is thrown is moving along at a slow rate, 
and that part (^ the granite called felspar happens to be 
somewhat decomposed, as it often is, then the felspar (which 
is so truly day, that it makes the best possible material for 
use of the potteries,) and the thin shining plates of mica will 
be carried farther by the water than the lumps of white quartz 
or flint sand, which with the other two ingredients made up 
the granite; and the two former will be deposited in laiyers, 
which, by passing a galvanic current through them, would 
in time become mica-schist. If the mica were absent, or if 
the clay were deposited without it, owing to any cause, then 
a similar galvanic current would turn the deposit into some- 
thing like clay^slate. These three mechanically arranged 
rocks are found abundantly,^ surrounding and overlying the 
granite, as if they had been formed from its broken and 
rough edges, worn away by the waters of the first ocean, 
and afterwards deposited at the bottom of the sea. In these 
rocks we have- airived at a second period, still unmarked 

. * Under this nune ^'-clay-slate,*' I onlj mean here to include those slates, 
whether of distinctly crystalline structure or not, which present no marks 
of having contained fossils. That there are such, no Geologist will, I 
suppose, doubt ; but when the name elay-date is git en, as it is sometimes, 
to fossiliferous beds, they ought to be referred at ooce to the period indi- 
cated by the kind of fossils discovered. 
3 
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by life, although apparently better fitted for sustaining it; 
our earth being then not merely a chaotic mass of cracked 
and burnt rock,* but having had superimposed upon that 
mass extensive and thick layers of various materials ; these 
contain in their composition most of the elements, both 
gaseous and solid, by certain combinations of which living 
animals and vegetables were enabled to perform their func- 
tions, and render inanimate matter available for their differ- 
ent wants. 

One of the most remarkable facts with regard to these an- 
cient deposited rocks, is their extraordinary thickness in 
some localities. It is not difficult to understand, that at a 
time when the granite and granitic rocks were newly formed, 
and presented innumerable fractured edges in every direc- 
tion, the pounding action of moving water, especially if 
that water was of a high temperature, might grind down 
the exposed rock with extreme rapidity, and produce ex- 
tensive deposits, rapidly filling up hollows and depressions. 
But we can hardly suppose the existence of depressions so 
considerable as the thickness of the gneiss and clay-slate 
would require ; and it is far more reasonable to assume that 
a contraction of the crust, the result of gradual cooling, pro- 
duced a series of wave-like motions in the earth's crust, 
alternately elevating and depressing portions of the surface, 
and sometimes producing a succession of elevations or de- 
pressions on the same spot. However this may be, it is 
certain that these old sedimentary rocks have been not un- 
frequetitly altered so as to have become crystalline ; and 
they are also very often cradled and broken, the cracks 
being sometimes filled up with rocks of a different kind, in- 
jected apparently in a melted state, and sometimes with 
other materials, also crystalline, and oflen containing a 
greater or less proportion of metallic ore. 

Thus do these lowest sedimentary strata, whose vast an- 
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tiquity is in many cases unquestionable, but ^hich some* 
times, like the granite itself, have been elaborated at later 
periods, occupy a definite place among the rocks of which 
the earth's crust is made up. They mark, it would appear, 
a strange and dark passage from that state which we have 
considered chaotic, to a condition of more regular and quiet 
deposit; they are, however, with reference to fossiliferous 
rocks, azote, or lifeless ; and they are also aS a class almost 
as widely spread, and as distinctly universal, as the granitic 
rocks themselves. At the end, therefore, of this our first pe- 
riod, we may suppose that there existed a globe, whose sur- 
face exhibited alternations of land and water; the land having 
in some places as distinctly stratified an appearance as it 
has at present, and the thick masses of strata resting on huge 
bossesrand peaks of granite and other igneous rock:-««>but 
all was then bare and desolate ; not a moss nor a lichen 
covered the naked skeleton of the globe ; not a sea- weed 
floated in the broad ocean ; not a trace existed even of the 
least highly organized animal or vegetable ; eveiy thing was 
still, and with the stillness of absolute death. The earth 
was indeed prepared, and the fiat of creation had gone 
forth ; but there was as yet no inhabitant, and no being 
endowed with life had been introduced to perform its part 
in the great mystery of Creation. 

It must, however, be distinctly understood that this view 
is strictly hypothetical, and is^ after all, only one means of 
explaining certain phenomena. So far as it is an illustra- 
tion of facts that have been observed^ it has its value, and 
may be received provisionally; but, so far as it is merely a 
theory of the earth, it is worth neither more nor less than other 
different theories, many of which were proposed by cosmogo- 
nists of ancient date, and some have been put forth in our 
own time by persons who have as little grounds for theo- 
rizing. I have chosen in the present c ase to present it as a 
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sketch, embodying many facts wd results of observation, 
although the cause of the absence of fossils in metamorpbic 
rocks, and of the other appearances that have been ob- 
served, may undoubtedly have been very dijSerent. 

It is not, indeed, till we advance one step further, and 
consider the condition of the earth, by comparing what we 
know of its inhabitants with our speculations concerning 
the position of land then existing above the water, that 
we can arrive at conclusions at all satisfactory. 

The additional facts made known by studying the re- 
mains of animals and vegetables found in the various rocks, 
give a new aspect even to the form of the speculation ; and 
we shall soon perceive how far this view of the earliest con- 
dition of the globe is probable, when we study the first 
known results of creative power in reference to organic 
beings. 
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CHAPTER III. 

THE PERIOD OF THE EXISTENCE OF INYERTEBRATED ANIMALS AS THE 
MOST HI6HLT ORGANIZED INHABITANTS OF THE SfeA.— THE SILU- 
RIAN ROCKS. 

Wrapping round the igneous rocks of Cumberland and 
the lake district, ranging over a considerable part of the 
north-east of Ireland, occupying a large portion of South 
Wales, and present almost every where in North Wales, 
there are found a great number of sedimentary rocks of va* 
rious kinds, covering the gneiss, mica-schist, or clay-slate^ 
and covered up in South Wales by a seties of coarse red 
conglomerate^ or beds of pudding-stone. These sedi- 
mentary rocks are expanded sometimes to a thickness of 
many thousand feet, and they form a remarkable and natu- 
ral group, which may be conveniently subdivided into two 
parts, the lower being by far the most considerable in verti- 
cal thickness, but the ifpper containing a greater number 
and variety of the fossil remains of animals. 

In the British Islands, and very generally in other coun- 
tries, this lower group of rocks consists of a grayish-coloured 
sandy stone, often slaty or flaggy, and containing much 
clayey matter, sometimes including poor bands of limestone, 
and not unfrequently exhibiting, in the partings between 
two beds, a number of imperfect remains of shells and other 
oi^nic substances. From its frequently assuming the ap- 
pearance of clay slate, and being indistinguishable from 
that rock except by the presence of fossils, it may be sup* 
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posed that the materials of which it is for the most part 
formed were obtained from older, and probably from igne- 
ous, rocks pounded still more finely at the bottom of water, 
and forming fresh combinations, often marked by the pre- 
sence of sand obtained from the quartz of the granite, and 
also occasionally distinguished by the presence of mica. 

In those parts of England and Wales in which these 
rocks have been discovered, they have been found to ex- 
hibit indications of very extensive disturbance, and, in 
some cases, seem to have been deposited alternately with 
great masses of igneous rock poured out like lava from a 
volcano, but erupted through the bed of the ocean, and 
soon covered up with new deposits. Besides disturbances 
ofthis kind, these same rocks have in North Wales been 
subjected to so much squeezing, under a great pressure 
from above, that they are twisted into folds repeated several 
times, just as a number of pieces of cloth might be thrown 
into wave-like folds if squeezed by lateral pressure, with a 
heavy weight resting upon the upper sur&ce. No descrip- 
tion, however, can at all do justice to the singular compli- 
cation thus introduced into the huge masses of hard and 
tough rock. In one place the strata are snapped asunder 
and displaced, in another they are bent nearly double like 
sheets of paper. Here the slaty beds are contorted into the 
most strange and violent curves ; there the opposite clifls of 
a narrow glen exhibit them torn asunder like fragments of 
soft wood or semi-tenacious paste. 
, Nor should it be supposed that such appearances are 
confined to the slaty and tough beds of this ^particular pe- 
riod. They are as common in the older schists, and in the 
gneissj as in these strata, and they appear again in the 
similar rocks of the next newer period ; but there is this 
difference observable in the case of England, namely, that 
the disturbances seem either to have diminished in intensity, 
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or to have produced a smaUer efiect at each later time, while 
they are nowhere more remarkable than in the case of the 
lower Silurian strata of North Wales and Cumberland.^ 

In these ancient beds, so greatly altered by mechanical 
violence from their original condition, often deposited amidst 
much disturbance, and presenting so many analogies with 
the earlier and non-fossiliferous stratified rocks, we find for 
the first time distinct marks of the existence of beings en- 
dowed with life. 

We naturally turn with considerable interest to inquire 
concerning the nature of the inhabitants of our globe, as 
exhibited by their remains in these rocks; and in doing so, 
we find, that, although the conditions were, in some respects, 
very different, and the animals often unlike existing species, 
there is yet sufficient analogy to enable us to determine with 
considerable certainty the nature of the groups of species 
living in the sea at that early period. 

The first thing that strikes the geological naturalist, in 
looking over the numerous fossils obtained firom the great 
series of the lower silurian rocks, is the apparent want of 
fishes, and, indeed, of all vertebrated animals. We find 
every where abundant proof that these great thicknesses of 
mud and sand, with occasional bands of imperfect limestone, 
were formed at the bottom of water, and at various depths ; 
some, in all probability, in shallow water near land, and 
others in the deepest recesses of the ocean ; but nowhere 
throughout their wide spread in all parts of the world have 
they yet yielded the smallest fragment that could be referred 
to a fish. It is, therefore, pretty clear, either that fishes had 
not then been created, or that the conditions for their deve- 

* The evidence of great distarbance observable in these beds in the 
British Islands does not extend to Russia and Scandinavia, where they 
also occnr. Here, and in other parts of the world, they have been less 
disturbed, bat their gfeneral character ih the same. 
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lopment were so unfavourable that they were extremely 
rsure, and formed no important group among the inhabitants 
of the sea, in places where other organic remains, often 
found in newer formations accompanying fishes, are very 
abundant. The animals we do find consist of certain sea- 
weeds, called GrapioiUeSy* the habitation, probably, of com* 
pound creatures,! which seem scarcely to deserve the name 
of animals ; of other polyps of somewhat higher organization, 
building those singular and lasting monuments, the coral- 
reefs ; of animals removed yet another step in advance, and 
called ^rinoids;X and of a singular and extensive group of 
crustacean animals, known by the name of TrUobUes.^ 
They also include a considerable grbup of bivalve shells 
belonging to animals of low organization, and allied to the 
Terebratula ; of a few other shells, both bivalve and uni- 
valve ; and, last of all, of a number of the many-chambered 
shells of a carnivorous animal || like the cuttle»fish, — a 
creature of high and complicated organization among the 
Invertebrata, and which seems to have been introduced 
among the very earliest of the species intended to people 
the primseval seas. All these animals must have been to a 
certain extent contemporaneous ; and it is worth while to 
remark, concerning them, that they exhibit some instances 
of very imperfect, and some of the most perfect, develop* 
ment of the great kingdom of nature to which they belong. 
In the older beds, at least until the termination of the first 
great epoch, the silurian, there seem, indeed, only to have 

* GraptolitMt yfaarroc (grtipifm^) written upon ; KtBos (fUho»,) a stone^ 
from their appearance. 

t Allied to the recent family of Sertularida, 

t Crinoids^ npaos (erinoSj) a lily ; vloc ieidoa;) resembling. Lily^haped 
anitatials. 

§ DrUobUeSt threc-lobed, so called from their shape. 

II Orthroceratite9^ and several allied forms. 
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been introduced successive modifications and additional 
species of the invertebrated type ; and not till its close did 
tlie fishes appear, as if preparing the way for the next period, 
marked by the prevalence of these more highly organized 
beings. 

As the animals of the newer differ so little from those of 
the older portion of the first period, at least in points which 
admit of general description, I shall not describe them 
separately ; but, having already offered a few remarks on 
the mineral structure of the rocks, I shall proceed at once 
to explain in succession those groups which are most inte- 
resting and characteristic. In this way I hope to com- 
municate something like a distinct notion of the results of 
geological investigation with regard to the first inhabitants 
of the earth, and not only show the general fact, that im- 
portant changes must have since taken place in the condition 
of the sea-bottom, but also explain the nature of some of 
those changes. 

According to the actual constitution of things, the soft 
substance of the bodies of animals consists chiefly of carbon 
in combination with gases (oxygen, hydrogen, and nitrogen;} 
and the more solid parts, whether forming a bony skeleton, 
or a yet harder external case, or internal framework of 
stone, are composed of salts of lime with little admixture of 
other material, especially in the invertebrated animals. The 
presence of carbon, lime, land these gases, therefore, in 
sufficient abundance under favourable circumstances of tem- 
perature and in a condition to combine with other elements, 
is all that is required to enable animals once created to carry 
on the functions of life.* 

* It is indeed trae, that at present most of these inorganic materials are 
first prepared by vegetables into a fit pabulam for the animal ; but it seems 
by no means certain that the lower animals cannot themselves perform th« 
required change. Even if this is not the case, there js sufficient proof in 
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Fig.^ 



Of such substances, those existing in a gaseous state 
were, no doubt, sufficiently abundant during the earlier 
periods of the earth's development : carbon, of which so 
large a quantity is still given off in volcanic districts in the 
form of carbonic acid gas, must also have been abundant 
then ; and a sufficient proportion of lime and silica is found 
in the composition of felspar — one of the most important 
and universal ingredients of granite — to supply the marine 
animals with materials for their stony houses. It has, in- 
deed, been thought possible, though perhaps it is not very 
probable, that our atmosphere at its first 
formation contained a larger supply of car- 
bonic acid gas than at present ; but such an 
assumption is not at all necessary to account 
for the first secretion of carbonate of lime 
required to form the habitations and the 
skeletons of the original inhabitants of our 
globe. 

Among the most simply organized of the 
Silurian species, and amongst those found in 
the beds of oldest date, are the fossils called 
GraptoliteSj which seem to have been the 
horny skeletons of animals not unlike those 
which are often met with on the coral and 
sea-weeds of our own coast. They were 
formed, like these, by a vast multitude of 
individual polyps attached to a tough cen- 
tral mass, the whole constituting a kind of 
compound animal, in which each individual 
works to increase the general mass, and is 
affected by that which affects this mass ; but 
each, also, has a separate existence, being provided with a 



Sertularian 
Coralline. 
{QraptoUU.) 



some of the most ancient fossiliferons rocks, that largfo maaaea of aea-weed 
exiated aa aoon aa any other orfranized aabatance. 
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stomach and arms, to obtain and digest food, and capable 
of being injured or destroyed v^ithout the functions of the 
complete body being at all interfered with. 

Polyps, as animals of this low organization are called, 
appear to have been among the first of created beings, and 
are also those which have been changed least since the 
period of their original introduction up to the present time. 
Their extreme simplicity of structure would, probably, ena- 
ble them to live through many changes, since they could 
adapt themselves to altered conditions of temperature and 
position, at times when almost every other animal was de- 
stroyed ; and, accordingly, in the species of them found 
fossil, there is far less difierence from existing nature than 
is the case with any other creatures. These little corallines, 
and the larger and more important group of true corals, as 
they commenced existence so early, seem also to have been 
comprised within a very limited number of natural femilies, 
and 'some particular species probably extend completely 
through the whole number of beds of the first great epoch. 

Amongst the earlier forms are those of the genera ^ulo- 
pora (3) and Catenipora (4, 5,) all belonging to the group 
of lowest organization among 
coralline bodies, and having 
the most solid stony or homy 
framework. They are radi- 
ated and star-like in their 
structure, have no true intes- 
tinal canal, and in many, 
though by no means all the 
species, the animal is capa- 
ble of locomotion. The spe- ^"*^^" flow".like Coralline. 

cies figured 3 is common m 

rocks of the older palaeozoic period, and is closely analo- 
gous, in many respects, to species yet inhabiting tropical 
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and southern seas. The chain coral (4, 5) offers another 
and a beautiful example of this peculiar structure, and being 
a fossil exceedingly common* in some silurian localities, is 
well adapted to illustrate the habits of the group. 

The little animals in these cases secreted and built up 
their stone house, they added compartment to compartment, 

erecting in succession one 
Fig. 4 Fig. 5 ^^^^^ ^^^^ another, and they 

continued at this work month 

after month, year after year, 

century after century, until 

at length they were replaced 

by others like them, when the 

^ . ' depth had changed in which 

they could most conveniently 

live, or when, owing to some cause, their labours were 

brought to a close, and they disappeared from amongst 

existing forms. 

During every successive period from this their first ap- 
pearance in the infancy of the world to the present day, 
animals of the polyp kind have been perpetually adding to 
the solid matter of our globe, by these singular buildings 
of stone. These little creatures are enabled to separate 
from the sea-water a proportion of carbonate of lime, and 
they do this although the quantity present is so minute as to 
be almost inappreciable by the most careful chemical ana- 
lysis. The most common species are known to be unable 
to exist at a greater depth than twenty or thirty fathoms ; 
but there are many instances in the southern seas of corals 
forming part of extensive reefs existing at a much greater 
depth, and they are also sometimes elevated high in the 
air. Great changes of level must, therefore, have occurred ; 
and these are perhaps still going on ; and by similar changes 
jwe must account for the presence of lofty masses of solid 
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rock exhibiting the remains of the ancient coral pdyp in 
the old rocks. 

The prodigious extent of the combined and unintermitting 
labours of these little world*architects must be witnessed, in 
order to be adequately conceived or realized. They have 
built up four hundred miles of barrier reef on the shores of 
New Caledonia ; and on the north-east coast of Australia 
their labours extend for one thousand miles in length ; and 
these reefs may average, perhaps, a quarter of a mile in 
breadth, and one hundred and fifty feet in depth, and they 
have been built amidst the waves of the ocean, and in de- 
fiance of its fiercest storms. The Geologist, in contem- 
plating these stupendous operations, learns to appreciate 
the circumstances by which were deposited in ancient times, 
and under other conditions than those which now charac- 
terize our climate, those mountain masses of limestone, for 
the most part entirely coralline, which abound in many 
parts of our native island. The most abundant remains of 
corals in these masses are similar in their general nature to 
living species, but indicate animals very distinct from those 
living polyps which are now actively engaged in forming 
similar deposits on the undulating and half-submerged crust 
of the earth washed by the Indian and Pacific oceans. The 
limestones, which form a part even of the oldest formations, 
offer distinct proof, by their organic remains, that they are 
due to the secretions of gelatinous polyps, the species of 
which perished before those that formed the newer strata 
were created ; and, as these polyps of the older period have 
been superseded by those of the present day, so these, in all 
probability, are destined to give way in their turn to new 
forms of essentially analogous animals, to which, in time to 
come, the same great office will be assigned,-**to clothe 
with fertile limestone future rising continents.* 

* Owen's Leclures on the Invertebrata, p. 93. 
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The polyps thus collecting calcareous matter in large 
quantities, and building vast masses of solid limestone, se- 
crete their stony skeletons on the outside of their soft bodies. 
If, however, we suppose the animals supported on a stem, 
and that, instead of depositing the earthy particles exter- 
nally, they are placed in regular shape and order in the 
substance of the polyp itself, and fill up the stem, the cup- 
shaped body, and the arms or feelers that surround the 
mouth, there would result an animal of a very different kind, 
not capable of associating with others of its species to form 
a compact mass, but possessing a separate and distinct ex- 
istence, and buildmg a kind of stone plant, of which the 
roots, the trunk, the branches, and the smaller twigs are 
each made up of a number of separate and detached parti- 
cles. A skeleton of this kind, however curious it may 
seem, was possessed by a vast number of distinct species 
of animals living in the early seas, and such forms were 
continued through the whole of the first and second epochs, 
gradually, however, diminishing in number, and at present 
scarcely presenting an adequate representative in two or 
three comparatively small and unimportant species of wb.at 
are called Crinoidal animals. 

The very name which is given to these animals is illus- 
trative of their curious structure and the arrangement of 
their hard parts. They are called Encrinites, or Crinoidal 
animals, because many of them exhibit the appearance of 
a. cup-shaped flower, opening on the top of a stalk ; this 
flower-like shape being comparatively simple in many spe- 
cies, while in others there is a complication in the number 
of branches stretching out from the principal stalk, and in 
the multitude of arms and fingers projecting from the aper- 
ture of the mouth, which seems quite unrivalled in com- 
plexity in any other animal, whether recent or extiact. 

A remarkable form of these crinoids existed during the 
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sUurian period, and sensed, as it were, to introduce these 
pretty and curious examples of organization. 

The figure (7) exhibits the structure of the stony case in 
one species ; and the annexed figure (6,) shows the step by 
which this ancient family, ap- , 

parently the first introduced, ^* 
paissed on to the higher or- 
ganization of the modern star- 
fish. The animal was without 
arms, and was inclosed within 
stony plates, whose number 

wassometimesindefimte, butg^^^ Cricoids. ((^^«fe«.») 
an onfice wais left m the cen- 
tral part of the upper surface (m) for the mouth ; an adja- 
cent orifice (a) was proirided, from which the undigested 
parts of the food could be ejected ; and also a third, at no 
great distance (o,) for the expulsion of the eggs. The 
mouth was provided with a proboscis, moveable and co- 
vered with small plates ; while the orifice o was covered 
with a little five or six-sided pyramid, made up of as many 
little valves. The whole stony case, which, in some in- 
stances {SpharoniteSy) resembles a little green orange, was 
supported on a very slender stalk, which, however, is rarely 
preserved. In the more advanced form (6,) the mouth andi 
proboscis are still present, but there were a number of arms 
projecting from the summit around the mouth ; and the 
orifices do not exist, since the eggs were carried out at the 
openings for the arms. The fossils exhibiting this singular 
structure are by no means common; but they afibrd so 
beautiful a transition from lower to higher forms, and are 
so Httle known, that a notice of them cannot tail to be in- 
teresting. Fragments of encrinites, more resembling the 

* 6, Caryoerinus ornattu. 7, CaryocystUes granatum. 
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mod€;m types, are common in some of the rocks of the older 
period, and are much like fossils of the same family found 
in the upper members of this group of rocks. 

The encrinites, although so nearly like the coral polyps 
in some points of structure, and in the simplicity of their 
organization, belong, however, to a muph higher group, and 
exhibit important resemblances to the star-fishes ; and just 
as they are the least organized of the star-fishes, and as the 
coral polyps are the lowest of that group of Zoophytes which 
possess no trace of nervous filament, so among the Crus- 
taceans of the earliest period (a great natural group, in- 
cluding the crabs, the lobsters, &c.) we find nearly a similar 

peculiarity ; the species 
^- ® ^^ ^ most commonly found 

in the- older rocks ex- 
hibitifig very simple 
structure, although de- 
veloped to a great ex- 
tent in point of number 
at one time, and only 
dying out towards the 
close of the first epoch. 
These animals are call- 
ed Trilobites, (See figs. 
8,9,10.) 

The trilobites, of 
which there is a con- 
sid'erable number of 
distinci generic forms in the older rocks, were prpvided 
with a large semicircular or crescent-shaped shield, com- 
pletely defending the head ; their body was in like manner 
secured from the attack of an enemy by a number of plates 



Fig, 10 




TllH.eBIT«S.* 



* 8, H&malonotui ormatua, 
BlumenbaohU, 



9, Trinucleui Caradaci. 10, Calymene 
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or segments moving readily upon one another, like the 
homy plates of a shrimp ; and the tail was armed with a 
similar series. The animal seems not to have had antennae, 
and to have possessed short and radimentary legs ; but on 
the head were placed a pair of large conical projections 
corered with eyes, by the help of which any approaching 
danger might be seen ; and the power of rolling itself into 
a ball (see figure 10,) which it possessed in common with 
the wood-louse and the chiton, enabled this creature, no 
doubt, to escape the attack of many of its enemies. It is 
not very easy either to make out the habits of an animal of 
such singular organization and of which only the hard ex- 
ternal coat is preserved, or speculate with regard to its food 
and its method of obtaining it. From the absence of an- 
tennse, however, and the want of powerful extremities, as 
well as from the manner in which these fossils are found,* 
the dificrent q>ecies probably lived for the most part in 
shallow water, not buried in mud, but floating near the 
surface with their under side uppermost, feeding on the 
minute and perhaps microscopic animalcules that usually 
abound in such localities. There are several natural groups, 
marked by differences somewhat considerable, but the num- 
ber of species is not great. 

The most remarkable point with regard to these trilobites 
is the presence of the large compound eyes with which they 
were provided. These eyes appear to be constructed on 
the same principle as those of the dragon-fly and other in- 
sects : they are ranged round about three-fourths of two 
conical projections risitig one from each side of the head, 
and they are so placed that the animal, without moving 
from the spot in which it might be, could see in all direc- 

* They seem to have, been very greg^arioos, living by Uiousftnds in 9, 
single locality, and often heaped upon one another. 

4 
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tions around it. It appeals, from diis perfect and compli- 
cated contrivance, that, at the earliest period of the intro- 
duction of animals, the general conditions of light and the 
atmosphere could not have differed in any important degr^ 
from those tvhich now obtain. 

Together with the graptolites, the corals, the encrinites, 
and the trilobites, there seem to have existed as contempo- 
raries, two, or perhaps three, very remarkable tribes be- 
longing to the great natural group of Mollmca — a division 
of the animal kingdom readily distinguished from those 
"^wbich we have already had occasion to refer to, by the 
possession of a much more distinct nervous centre, and 
conducting the naturalist by slow and successive steps to 
that more complicated structure met with in the v«rtebrated 
animals, of which the fishes form the least highly organized 
group. 

The Mollusca, as at present understood, are divided into 
dx classes: some, as the Barnacles (Cirrhopoda,*) fix 
themselves when young to the surface of various sub-marine 
bodies, and having no organs connected with the higher 
senses, and being unable to change their position, are coo- 
tent to cast out at intervals their ciliated (or hair-like) arms, 
which form a net of Nature's own contrivance, and entrap 
such passing prey as suits their appetite. Others, equally 
incapable of locomotion, but furnished with arms of difie- 
rent construction, catch their food by similar efforts : these 
are called BaACHiopoDA.f The TonicAta,^: enclosed in 
tough leathery bags, are firmly rooted to the rocks, or, col- 
lected into singular compound masses, float about at the 
mercy of the waves. Tht Conchif£RA§ inhabit bivalve 

• Ydffi icirrko$;) a curled lock of hair; «-oAt (poda,) feet, 
t ^fttxM9 {brachion,) an arm ; noi"* (poda^) feet 
t TunicaitMf clad in a tanic or encloaiDg membrane. 
§ Concha, a sbeQ ; fero, to carry. 
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sheUs; the Pteropoda* swim in myriads through the sea 
supported on two iSeshy fins, and some of them enclosed in 
delicate fragile shells; while the Gasteropoda,! defended 
in most cases by a shelly covering, creep upon a broad and 
fleshy ventral disc, and endowed with flKs locomotive ap- 
paratus, exhibit senses of proportionate perfection. Lastly, 
the Cephalopoda,! the most active and highly organized 
of this large and important division of animated nature, are 
furnished with both eyes and ears, and armed with formida- 
ble means of destroying prey, so that they are thus enabled 
to become tyrants of the deep, and gradually conduct to the 
most exalted type of animal existence. § 

Of these classes of Mollusca, most of them seem to have 
been intrbduced at the very commencement of the existence 
of our globe :' but two groups have since then greatly dimi- 
nished in number and relative importance, although each is 
still represented in our own seas: these are the Brachiopodaj 
and the Cephahpoda, The Conchifera and Gasteropoda, 
or ordinary bivalve and univalve molluscs, seem to have 
been at first either totally absent or extremely rare; and, 
although they afterwards increased, they do not seem to 
have taken the place of the Brachiopoda till after the close 
of the second great epoch ; while the Cirrhopoda and Tuni* 
cata may indeed have existed, but have left no remains of 
their existence in the ancient rocks. 

'Hxe Brachiopoda were unquestionaAily the chief and 
almost the only representatives in the primaeval seas of that 
large class of animals inhabiting bit alve shells, which were 
then scantily distributed, but now perform an important 

* IlTfer iptermit) a wing ; mik (poda^) feet 
f TAo^Mf {ga»ter,) the belly ; 9re/« (poda^) feet 
t Kffq>«cAJp {cephdU;^ the bead ; yrtla, (poda,) feet 
§ Ryvam Jonee^s ADimal Kingdom, p. 3£^ 
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part in the great world of waters. They exhibit, howevef , 
an internal oiganisation extremely simple compared with 
that of the other bivalves, together with a complexity in the 
structure of the shell, and in the contrivances for keeping 
the two valves piMly asunder, which are quite peculiar to 
them* The shell, too, is generally laminated, or even 
fibrous in its texture: numerous long hairs seem to have 
passed, in some cases, from the plates, while ill others they 
passed through the plates of which the shell is made up. 
Nothing can well be imagined more varied than the contri* 
vances by which the ancient species of this group were 
enabled to obtain existence. 

The two valves of bracbiopodous shells are not connected 
by any hinge ; but the lower valve was either directly fas^ 
tened to a rock or some marine substance, or a bundle of 
fibres or hairs passed through one valve from the other, and 
were collected into a pedicle or foot«stalk, by which the 
animal could attach itself at will. Two arms, or tentacule, 
were wound in a spiral within the shell when at rest, but 
were capable of being expanded in search of food ; and 
these being covered with cilia— those peculiar hair-like 
appendages frequently met with in animals of imperfect 
organization— powerful currents were produced in the sur* 
rounding water, which being directed towards the mouth as 
a focus, would hurry into that aperture whatever nutritive 
particles might chance to be in the vicinity.* The food of 
these creatures consisted probably of the minutely divided 
and decomposed particles of dead animals of various kinds 
floating about in the seas ; and different species seem to 
have been enabled to live at various depths, varying from 
a few fathoms to the deepest abysses at which any appear- 
ance of life is met with. 

* Rjrmer Joae»V ADimal Kiagdoip^ p. 365. 
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The annexed figure (11) represents a common and cba^^ 
racteristic silurian species, of the kind afterwards most 
common; while the figures 12, 13, serve to 
illustrate the very remarkable internal parti- •^' ^^ 
tion, separating the interior of the shell into 
several parts in the case represented, and in 
other instances affording very singular modifi- 
cations of this curious principle of structure* 
All the shells of animals of this group have Orthis. 
projecting plates of shell, more ^t less promi- 
nent, passing up from the centre of the larger or upper 
valve. (See fig. 12.) 

Fig. 13 Ji^. 13 




pENTAMERUd. 

The Pteropoda of the silurian formations were probably 
numerous and powerful, attaining a far larger size than they 
have done at any subsequent period. Several species of a 
genus {Creseis) still represented by some small Mediterra- 
nean species have been determined from some of silurian 
rocks ; but of the habits of the animal we are not able to 
speak with any certainty. It is not unlikely, however, that 
they were exceedingly carnivorous, and supplied the place 
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of the common tribes of univalre shells of after times.* 
They seem, also, to bare preceded, in some measure, the 
cephalopods^ and may, therefore, hare performed the same 
part as the animals of this fierce and powerful group. 

Of the true Cephalopoda there are several genera de- 
scribed from the rocks of the oldest period, and they differ 
chiefly in the shape of the singular many-chambered habi« 
tation, which is, in feet, the only part left by which we can 
identify these animals. They all bore a much greater re- 
semblance to the nautilus^ than the cuttle-fish, and in this 
respect seem to exhibit the same peculiarity that has been 
already so often alluded to, namely, the usual introduction 
of groups of species possessing the lower organization of 
their tribe in the earliest formed strata of the earth. 

The Nautilus (see fig. 52,) the lowest existing type of 
the Cephalopoda, which, however, it will be remembered, 
form the highest division of the Mollusca,) exhibits a great 
advance in the construction of the organs of animal life, by 
which it is readily distinguished from the ordinary inhabi- 
tants of univalve shells. In the first place, this animal has 
a true internal skeleton, and a perfect symmetry throughout 
the animal and vital organs. The muscular system also 
forms a larger proportion of the body ; the nervous centres, 
concentrated in the head, have received a marked increase 
of bulk; the organs of the external senses are much more 
perfectly developed, and the respiratory tube has received 
an enormous development, and assists in propelling the 
cephalopod through the sea. The organs of locomotion 

* The Grasteropoda theniBelveB were not unrepreseDted in the seas of 
the earlier epoch, although they do not appear in the lowest rocks of all 
There are at present sixty.three siluiian species known — a numher 
scarcely exceeding that of the Orthoceratites from the heds of the same 
age ; while in the proportion of individaals whose fragments are fbnnd 
there is no compartson, the latter being far more numerous. 
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and prehension are now arratig^d round the aperture of the 
mouthy which besides these possesses jaws working like the 
beak of a bird, and a strong spiiiy tongue. The organs of 
locomotion and prehension are, however, exceedingly sim- 
ple and very numerous, differing in this respect from the 
more highly organized cuttle-fish. 

Lastly, in the shell we see a marked approach to a higher 
form of animal existence than is exhibited in other univalve 
shells. In the few animals enclosed in shells that are able 
to swim, we find the shell of very diminutive size, of simple 
form and structure, and of an extremely light and delicate 
texture. In the nautilus, on the other hand, we find a large, 
powerful, and complicated shell, composed of a number of 
separate compartments or air-chambers, all of them together 
forming a float, and enabling the strong and muscular occu- 
pant to rise at will to the surface of the water, or sink down 
into the depths of the ocean in search of the food of which 
it no doubt requires an abundant supply. 

It is probable that the nautilus and its shell together are 
somewhat, though very little, heavier than water, when the 
animal has retired completely within its habitation. When, 
however, it expands itself and exposes a large surface be- 
yond the aperture of the shell, and at the same time pro- 
duces a slight vacuum in the last chamber^ its specific 
gravity becomes on the other hand a little less than that of 
water, and it rises rapidly to the surface. It may also be 
the case that the curious tube, or siphuncle, that runs through 
all the chambers, assists in some way in thus adjusting the' 
balance of the animal ; although, from the appearance of 
this tube, coated with a thin calcareous deposit, it seems 
unlikely that its dilatation or contraction could produce any 
useful effect.* Contemporaneous with the various groups 

* Owen's Lectares on Comp. Anat. p. 337 et seq. 
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of animals already described, there seem to have been in** 
troduced in the primaeval seas a large number of species 
very closely allied to the nautilus, but provided 
F*g'^ vdth floats or chambered shells not coiled into 
H 15 a spiral as is the case with the recent analogue, 
but either straight or very slightly curved ; and 
from their resemblance to a horn, called by 
naturalists Orthoceras* (or straight horn,) Cyr'- 
toceras or (bent horn,) &c. The animals in- 
habiting these shells must no doubt have been 
very closely allied to the recent nautilus ; but 
nothing is known of them except the fragments 
of their habitations, which exhibit great variety 
of form and some rather incomprehensible 
peculiarities of structure. Some of them ap- 
pear to have been of great length and exceed- 
ingly slender ; and the shell is oflen thin, 
although in that case the walls of separation 
between each two successive chambers are 
generally close together. The sides of the 
shell are often deeply ribbed pr grooved, 

0RTB00£RA.TXT18. "^ . 

sometimes in the direction of its length, and 
sometimes across. A few of the species had their shells 
short and greatly swelled, having almost the shape of a 
pear ; some again came rapidly to a pointed termination ; 
and some were so nearly cylindrical, that it is difficult to 
suppose that they ever commenced at a point, and were 
increased by regular gradations. All these varieties of form 
are met with in the oldest rocks ; and the large and impor- 
tant group of Orthoceratites, apparently the first, as it is the 
simplest form of the n^ultilocular shell, seems to have at- 
tained its greatest development very early, and then was 

* Of^os {orihoSf) straight; xufrce {cyrtU8,) curved; and xipatc {cerat^) a 
horn. 
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gradually replaced by other groups of Cephalopoda ; uutil^ 
towards the close of the first epoch, these animals had died 
out entirely, and were replaced by the nautilus, and yet 
more remarkably by the ammonites, which then appeared 
for the first time. 

We have now gone through the description of the inha- 
bitants of the seas during the earliest period at which the 
Geologist is enabled to trace the existence of living beings 
upon the earth. Let us, before concluding, briefly reconsi- 
der the results of geological investigation with regard to these 
ancient strata. In the first place, it is interesting to remark, 
that, among the groups exhibiting the lowest amount of or- 
ganization, there are a few corallines, and a larger number 
of the stony corals. There are also several species of cri- 
noids (lily-shaped polyps,) individually abundant; and 
although there appear to be one or twa species of the more 
highly organized Radiata (such as the star-fish,) we very 
rarely find remains of other radiated animals than encrinites 
in the old rocks, although numerous higher forms afterwards 
became exceedingly abundant. Of the crustaceans again 
we obtain no fragments of true crabs or lobsters, or other 
common and known forms, but instead of them a group, 
long since extinct, not more likely to be preserved than the 
former, and, although for a time evidently very common, 
not continued into the middle one of the three great periods. 

The absence or rarity of. the common bivalve and uni- 
valve shells in these rocks is also a point of very considera- 
ble interest. A few species of the family represented by 
the common cockle {Cardium^) and a few also of the scallop 
tribe {Pecten Avicula^) both of which groups are remarkable 
among the shell-bearing animals for their locomotive powers, 
and the extent to which they adapt themselves to changing 
circumstances, are among the chief of the bivalves; and a 
number of species nearly allied to the carnivorous Bucdnum^ 
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or whelk, represented in like manner the univalves. But 
although the genera now common were then so rare, their 
place was evidently supplied by two other groups now 
nearly lost sight of; and of these the vast number of shells 
allied to Terebratula, and the abundance of Orthoceratites, 
form the most striking and valuable examples. 

Quite at the close of the period we are considering, a 
few small fishes, apparently allied to the shark tribe, were 
also introduced as typical forms of what should afterwards 
abound. Although, however, these fishes were introduced 
towards the close but before the termination of the period of 
the Invertebrata, it is important to remember that almost all 
the great natural divisions of the Invertebrata began at once 
and together to perform their work on earth ; so that there 
is no appearance of any regular order of progression by 
which the encrinite succeeded the coral polyp, the trilobite 
the encrinite, the terebratula the trilobite, or the orthoce- 
ratite the brachiopod. All these seem to have been truly 
contemporaneous, and they were doubtless introduced as 
the group best fitted to perform the functions of their exist- 
ence during the conditions, whatever they may have been, 
under which the world existed in their time. And so little 
in many points do the differences of their organization seem 
to require important changes in the temperature and atmos- 
pheric condition of the earth, so similar are the living 
species most nearly allied {o them in all peculiarities of 
which we can fairly judge, that, however we may be in- 
clined to conjecture and speculate on the probability of a 
higher and more uniform temperature, a more widely ex* 
tended sea receiving similar deposits and containing similar 
species, or an atmosphere more highly charged with carbo- 
nic acid gas than at present, — these speculations must be 
kept within bounds, since the facts justify no more than the 
admission of their bare possibility. 
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The mere absence of certain groups or of certain^ species 
and genera afterwards common, is not the only point on 
which the naturalist dwells in considering the possible con- 
ditions of the ancient sea. It is much more important and 
much more interesting, to observe that these species were 
not only absent but that their place was supplied by other 
groups of animals analogous to them, having similar habits, 
but not identical in specific character. 

Thus the place of the less highly organized of the com- 
mon shell-fish, such as thie muscles, the oyster tribe, and 
the like, was properly filled by numerous and varied forms 
allied to Terebratula (a lower group ;) while the numerous 
groups of flesh-eating Gasteropoda (the Murez, the cone, 
the volute, the cowry, and many others) were equally well 
represented by innumerable orthoceratites (animals of higher 
organization), which then swarmed in the seas. 

No doubt the appearance of these ancient seas would 
have appeared strange to the eyes of the naturalist, could 
an inhabitant of the world in its present state have become 
acquainted with the mysteries of the ocean's deep abysses 
at that time. With something of resemblance in the reefs 
and islands of coral rising gradually to the water's edge, 
as the coral polyp toiled and laboured from day to day and 
from year to year, there would yet be much more of differ- 
ence both in the shallows and depths of the ocean. The 
former sometimes with a sandy, but more frequently a 
muddy bottom, would be peopled with countless myriads 
of those unsightly animals, the trilobites, swimming near 
the surface of the water with their backs downwards, look- 
ing out constantly, and sinking at the slightest approach of 
danger from beneath ; while the remains of successive gene- 
rations of these creatures, mixed with mud and sand, would 
rapidly form beds sometimes of great extent. From amongst 
such beds, or attached to the solid rock, would be seen. 
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rising or leaning over on their short and slender stems, the 
simple forms of the crinoids or stoneflowers, more beaatiful, 
perhaps, and more picturesque than the sea-anemones of 
our own coast, even when these latter are seen in all their 
beauty, and with their tendrils and fibres widely expanded 
and brilliantly coloured. The crinoids, wanting indeed the 
colour, but of far more elegant form, would some of them 
be seen spreading out their arms and fingers in search of 
prey, while others closed entirely their cup-like envelope, — 
giving a variety and life to the sea bottom, inr spite of the 
cold, hard, stony frame-work of the animal, scarcely con- 
cealed by a living coat of leathery integument. 

Besides these, and sometimes attached to them, every 
hard fragment of rock, and every hard surface at the bottom 
of the sea, at aD moderate depths, would doubtless be over- 
grown with some one or other of the numerous family 
of Brachiopoda (Trilobites, &c.,) which we know to have 
been abundant. A few of the Conchifera (Pectens, &c.,) 
with their bivalve shells, might also be seen flitting about 
in the water, moving by jerks produced by the sudden shut- 
ting of their valves, but an infinite number and variety of 
other animals, swimming with much greater freedom and 
elegance, and of far greater size, then crowded the ocean, 
rising and sinking at pleasure, and with great facility. 
Some of these were of formidable dimensions, exhibiting a 
strange spear-like tail projecting downwards, and termina* 
ting above in a more or less powerful and sack-like body, 
moving with infinite rapidity in every direction; while 
others, short and almost globular, were perhaps less active, 
and sought their food in the little bays and inlets. 

But there were then no fishes: these Cephalopoda were 
the lords and tyrants of that creation ; they were the most 
numerous, the most highly organized, the least defended by 
stony or scaly armour^ and the most powerful. Their long 
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shell was probably not meant to shelter them from danger, 
and their whole appearance and character indicates that 
they were the attackers — not the attacked, and, like other 
powerful animals, were unprovided with defensive weapons, 
their vigour, strength, and activity answering this purpose 
sufficiently. 

It is not for us to calculate how often our globe performed 
its annual course in the heavens between the commence- 
ment and the close of the long period which we have been 
considering in this chapter. We may conjecture, indeed, 
from the evidence before us in the fossil remains, and the 
order and condition in which they occur, that these revolu- 
tions must be counted rather by tens of thousands than by 
units; for during this lapse of time, whatever it may have 
been, many thousand feet of deposits were formed in vari- 
ous parts of the bottom of the sea, and each succeeding de- 
posit, though only of a ifew inches, is provided with its own 
written story*, its sacred memoranda, assuring us of the 
regularity and order that obtained, and of the perfect uni- 
formity of plan. The changes that took place during this 
time were gradual and successive; the world of water was 
then being prepared, slowly but surely,, for the reception 
of more highly organized beings, and, at length, although 
there is little appearance of physical alteration, the increasing 
abundance of these animals marks the commencement of a 
new period. 

It is interesting to contemplate the probable conditions 
of the earth's surface and its physical features, as made 
known to us by these fossil remains ; but in doing $o, we 
ought to bear in mind constantly the true nature and value 
of the evidence. So far as it is positive — so far as we have 
only to make out the meaning of what we see— this is not 
difficult or doubtful ; but when we begin to draw general 
conclusions, and speak of the absence of whole groups, be- 
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oause we do not discover any indications of their existence, 
we are reasoning from our own view of what, in all proba- 
bility, and according to analogy, occurred, and not from 
positive data. Still, as the circle of our knowledge ex- 
pands, and these conclusions, being tried by the test of ex- 
perience, are found still correct, they do assume more and 
more the character of true generalizations, and become at 
length admitted as truths. I have here, and elsewhere in 
these pages, endeavoured to give fairly the result of all the 
evidence at present obtained on the subject, and have usu- 
ally intimated the existence of a doubt where the amount of 
evidence seemed to me insufficient. 
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CHAPTER IV. 

THE INTRODUCTION OF FISHES, THE CHARACTERISTIC ANIMALS OF THE 
SECOND FOSStLIFEROUS PERIOD.—- THE DETONIAN OR OLD RED SAND- 
STONE SYSTEM OF FORMATIONS. 

It would seem that, during the whole period of the de- 
posit of those many thousand feet of strata which make up 
the Silurian series in Wales, Cumberland, and other parts of 
the world, there was no contemporaneous formation going 
on in the district now occupied by Scotland, or in that 
which at present forms the south-western counties of Cbm- 
wail and Devonshire in England. Further south, however, 
the Silurian rocks are met with again, as in Brittany; and, 
as I have already mentioned, they exist in great abundance 
in various parts of Scandinavia, but owing to some cause, 
probably because those portions of the earth were then ele- 
vated above the level of the sea, and so were not capable 
of receiving any extensive additions, there does not appear 
to be in the British Islands any regular and complete passdge 
from the slates and sandy beds of the older and non-fossili- 
ferous period, to similar deposits immediately resting upon 
them. In Belgium, Russia, and Germany, such a con- 
tinuity may be traced. 

The existence of a break in the continuity of strata occur- 
ring thus early, and extending over an important geolo^cal 
period, but evidently local and confined to a small district, 
is a phenomenon well worthy of remark, and one which, 
when understood, wSl perhaps clear up many difficulties 
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which have sometimes puzzled Geologists; but, before 
oSering this explanation, it should be understood distinctly 
what is meant by calling an event of this kind a break in 
the continuity of strata or groups of strata. 

If the animated beings who inhabit the different parts of 
the earth and sea had been at all times the same ; if it were 
an indifferent thing to the marine animals whether they 
dwelt in shallow water, near shore, — in the deeper water 
of bays and other sheltered places,— in the open sea, near 
the surface, and where exposed to the constant action of 
the tides and currents, — or in the great depths of the ocean, 
far removed fr^om land ; and if species, thus cosmopolitan 
in their habits, had been introduced at the first creation of 
animals on the earth, and had succeeded one another in the 
regular order of nature, generation after generation repeating 
the same species ; then, indeed, it would have been diffi- 
cult, and often impossible, to determine whether the various 
strata lying over one another in any given spot were formed 
by continuous deposits, or with intervals between them of 
sufficient magnitude to allow of the interpolation of other 
beds in other places. But these conditions do not obtain 
in nature. It is well known to the naturalist, that, although 
some animals are much more capable of adapting themselves 
to changing circumstances than others, all species are more 
or less limited in their range, and that, in a vast proportion 
of cases, they are very strictly limited ; a change of a few 
yards in the depth of the water, an alteration in the nature 
of the sea bottom or in the degree of exposure to tidal ac- 
tion, being quite enough to produce, at the present day, a 
marked dilTerence in the appearance of the group of inhabi- 
tants of adjacent districts, which difference is perfectly ap- 
preciable at the first glance by one accustomed to observe 
with any degree of accuracy. 

The general nature of the animal remains is not the only 



Digitized by CjOOQ IC 



OF CREATION. 65 

means possessed by the Naturalist, or made use of by the 
Geologist, to determine the circumstances under which sub- 
marine deposits may have taken place. There is now a 
chain of observations extending over the whole series of 
known strata ; and, regard being had to the present ad- 
vanced state of knowledge of the existing species of ani- 
mals, it has been distinctly proved, that the more carefully 
and strictly these observations are compared and brought to 
bear upon one another, the more manifest is it, that, ever 
since the first introduction of animals upon earth, there have 
been successive creations of species similar to one another, 
but not identical, — performing often the same office, but 
perfectly distinguishable, — and involving a constant intro- 
duction of new species, although never, not even in a single 
instance, involving the repetition of a species that has once 
died out. 

The statement of this fact, namely, that species, like 
individuals, have a certain limited term of existence, has 
already been made indirectly in the preceding chapter ; and 
I have there described a number of animals very much un- 
like any that now exist, although not without such resem- 
blances as indicate the possession of analogous habits, and 
exhibit proof of unity of design running through creation, 
and connecting even the most ancient species with those 
yet surviving ; but I did not there speak concerning that 
peculiar succession of animals which the pursuit of Geology 
has proved to exist. It should, however, be clearly under- 
stood, that, in making use of this term " succession," I have 
no intention of assuming a gradual modification of species 
in the way of the development of a higher organization, as 
if animals originally created imperfect were subsequently, 
and by manifest gradation, at length enabled to perform 
functions of a higher kind ; for this is by no means the case, 
so far as the observations of Geologists have hitherto been 
5 
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able to determine. # The order of nBture seems ra^er to be 
a succession of this kind ; namely, that fir^ of all, as we 
have seen in the last chapter, representatires were intro> 
duced of each of the principal natural subdivisions of the 
invertebrated animals, combining many typical character- 
istics subsequently kept separate, and that the species thus 
originally introduced were gradually displaced by others in 
which distinctness of typical character was more marked* 
Some animals, as the coral polyps, remained stationary in 
point of development; others, as the encrinites, lasted for a 
long time, but at length were partly superseded by higher 
types of the group, performing oflSces which required greater 
powers of locomotion; others, again, as the brachiopods, 
exhibited almost immediately the greatest abundance, va* 
riety, and extent of their development, and were only 
superseded, after a long interval, by the higher conchifcrs, 
which at first were sparingly introduced; while, again, 
others, (and those the most important in every respect,) 
such as the Cephalopoda, at once assumed an importance 
which hardly increased, although it varied, for a long period, 
and at length actually became less; these animals being 
ultimately succeeded by a group (the gasteropods) of much 
lower organization, although admirably fitted for the work 
they had to perform. We shall see hereafter that the course 
of development of the fishes and reptiles was very similar 
to this ; so that there is no evidence of these animals having 
gradually passed into one another, or of any such order of 
succession having been a part of the plan adopted by the 
great Director of the universe.* 

* I have dwelt the more earnestly on this eabject, becauae there ap. 

peara to be a strong tendency in the minds of many persons to conclude, 

that since the Invertebrata appear to have been first introduced, and to 

have been in course of time succeeded by the vertebrated animals in 

. something of the order of their organization, there was ft succession and 
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Since it is the fact, that, according to some general law, 
species of animals are introduced, last only for a limited 
period, and are then succeeded by others performing the 
same office, it will readily be seen that in any group of 
strata the absence of a certain number of species common 
in beds of an older formation, and the presence in that group 
of other species which are analogous, would lead the na«* 
turalist to conclude either that a great change had taken 
place suddenly in the depth or relative position of the sea 
bottom receiving deposits, or else that a period had elapsed 
between the deposit of the lower or older beds and those 
which overlie them, and that this period was longer or 
shorter according to the amount of difierence in the species 
examined. And this brings ud to the subject referred to at 
the commencement of the present chapter, viz. the existence 
of a break in the continuity of strata observed in the case 
of the rocks of the second period in Scotland and Devon* 
shire. 

With regard to these localities, however, the evidence 

a gradual development of higher types of erietence in a certain order of 
creation. Bo far as Geology in its present state affords evidence on this 
subject, the facts seem decidedly opposed to any such view; and I make 
this statement the more unhesitatingly, because I find that it perfectly 
accords with the conclusions arrived at by one of the most philosophical 
of Hvinsr naturalists, who brings to a close his investigation concerning 
the extinct Reptiles in the following manner :— » 

**Thns, though a general progress may be diiscerned, the interruptions 
and faults, to uf^e a geological phrase, negative the notion that the pro- 
gression has been the result of self-developing energies adequate to a 
transmutation of specific characters ; but, on the contrary, support the 
conclusion, that the modifications of osteological structure which charac- 
terize the extinct reptiles, were originally impressed upon them at their 
creation, and have been neither derived from improvement of a lower, nor 
lost by progressive development into a higher type." — Professor Owen*$ 
Report on Britioh Fo8$U ReptUet ; Report of EUvendk Meetit^ of tke 
Britiih Ajuodation ai PlynmAh, 1843, p. 90S. 
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requires a yet more detailed statement. In North Britain, 
the beds resting on and wrapping round the gneiss, the 
mica schist, and other old rocks, consist, for the most part, 
of coarse conglomerate or pudding-stone, evidently made 
up of the broken fragments of the old granitic rocks, rolled 
and tossed about for ages in a troubled sea, the hardest 
stones being rounded into bullet-shaped pebbles by their 
long and incessant attrition against one another. These 
coarse, gravelly masses are not, however, universal ; and 
on the north-eastern coast and in the Orkneys they are of^en 
replaced by more regular strata of hard, dark-coloured, 
bituminous schists, abounding with the fossil remains of 
fishes. 

On the frontier of Wales, a deposit, in many respects 
very similar to the conglomerate of Scotland, and expanded 
to an equal and enormous thickness, is found to cover up, 
by regular gradation, the newest strata of the Silurian period ; 
and from this deposit are obtained occasionally the fossil 
remains of fishes of the same species as those found in 
Scotland. 

Lastly, in Devonshire and Cornwall, between the granite 
of Dartmoor and a series of black strata of the same geolo- 
gical age as the carboniferous beds which elsewhere overlie 
the conglomerate of Herefordshire and Scotland, there is a 
large series of sandy and slaty rocks, containing numerous 
fossil shells and other organic remains ; and these appear, 
on examination, to possess a character intermediate between 
that of the silurian and that of the newer or carboniferous 
series. 

Now it will be readily admitted, that a sea in which the 
coarse, gravelly conglomerates of Herefordshire and Scot- 
land were being deposited, would be hardly likely to contain 
the remains of delicate shells and the skeletons of polyps 
and encrinites, because, even if the animals could have 
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lived in such a sea, their bard parts would be ground and 
pounded into ten thousand atoms as soon as they were ex- 
posed to the rough beating of the shingles ; while, on the 
other hand, the clayey and sandy bottom of the more southern 
sea might readily preserve such remains as were left by 
animals of this kind. It would not, therefore, be singular 
that we should find a number of fossils in the devonian beds 
very different from those in Scotland, even if they were 
being formed at the same time; and the evidence of con- 
temporaneity offered, by comparing the fossils with those 
of beds whose position in the series was known, would be 
sufficient to establish the position of the group in question. 
In this way the devonian strata were dis.covered to be of 
the same date as the old red sandstone ; a view which has 
since been verified beyond the possibility of question by the 
discovery, in Russia, of two series — one resembling our old 
red sandstone conglomerate, and the other our devonian 
gritty and slaty beds — both evidently belonging to one 
period — both fossiliferous, and each containing fossils, by 
which the identity of these rocks with the beds of our own 
country, both in Devonshire and Scotland^ is placed beyond 
doubt. 

In Belgium, and in other parts of Europe, the passage 
from the silurian rocks to those of newer date is perfectly 
unbroken ; and even in Wales it is not easy, nor is it always 
possible, to distinguish so accurately between the two as to 
state where the lower series terminates, and which is to be 
considered the lowest member of the overlying group. 

The line of demarcation between these strata being thus 
slightly marked in some places, the naturalist is enabled to 
trace the gradual transition of the animals characteristic of 
the one into those of the other series ; but in the corals, the 
encrinites, the trilobites, and even in the shells, this is often 
difficult, although there is on the whole a considerable di& 
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ference in the general appearance of a group of the fossil 
remains of Invertebrata taken from the upper and lower 
series of strata. An example of this difierence is seen in 
the annexed figure of a remarkable bivalve shell (16, 17,) 
not uncommon in some of the rocks of the period we are 
now considering, but altogether confined to that period. 

Fig. 16^ 




Meoalooon. 

The peculiar form and magnitude of the hinge teeth (fig. 17,) 
and the beauty of the shell, render it worthy of notice. 

But, although the diflferences of this kind are not such as 
need detain us here, there is another change of a far more 

Fig. la Fig. 19. 




Ctenoid Scale— ^Perch. Cycloid Scale — Extinct Salmon. 

{Oameroidea Lewesienses.) 

striking character. I mean the introduction and speedy 
increase of the great natural class of fishes, whose remains 
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are comparatively rare even in the uppermost Silurian rocks, 
but which become extremely abundant in those beds imme- 
diately superjacent. The description of these fishes will 
be the chief subject of the remaining part of the present 
chapter. 

All the fishes at present known to exist in the waters 
which cover our globe may, with comparatively few excep-' 
tions, be grouped naturally and properly in two divisions, 
the one containing those species whose scales are jagged 
<m the outer edge like the scales of the perch (fig. 18,) and 
the other those whose scales are smooth and simple at the 
margm, like the scales of a herring or salmon (fig. 19.) To 
the peculiarities thus alluded to, might be added many 
others derived from the minute anatomy of the fishes. 

Fig, 20. Fig* 31. 





Ganoid Scale— Bont Pikb, Placoid Soale^ExTiNCT Ray. 

{Lepidostetu,) {Spinacorhinus polyspondyhu,) 

The exceptions to this arrangement are comprised within 
a few natural families, of which the sturgeon, the Siluridsa 
or cat-fish, the bony pike of the North American lakes (fig. 
20,) and some others, form one group ; and the saw-fish, 
the rays (fig. 21 ,) and the sharks another. These two groups 
were naturally looked on as of comparatively small impor- 
tance^ so long as only the existing q>ecies of fishes were 
known, for they contain, with the exception of the sharks 
and rays, but very few species, and these are neither abun- 
dant nor widely spread. 



Digitized by CjOOQ IC 



72 PICTURESQUE SKETCHES 

When, however, it was discovered by M. Agassiz, on 
looking carefully at the numerous species of fish whose 
fragments are found fossil in the older rocks, that all these, 
without a single exception, belonged to one or the other of 
the two groups alluded to, it became necessary to recon- 
sider the subject of the classification of fishes, and learn, if 
possible, the nature and extent of the difference that existed 
between those of the earlier seas and the present time. 

The result of this, and the conclusions arrived at by a 
careful and minute study of the natural history and anatomy 
of fishes, has been lately laid before the public by M. Agas- 
siz, a naturalist whose great acuteness of observation and 
knowledge of the structure of fishes, have long been well 
known to the scientific world, and were appreciated by 
Cuvier, who left in his hands the papers he had himself ac- 
cumulated on the subject of Ichthyology. 

According to M. Agassiz, fishes may be collected into 
four natural orders, two of which have been already men- 
tioned as including most of the recent fishes, while each of 
the other two groups, so rarely met with at present, con- 
tains species representatives of another order, equally im- 
portant and well marked, and in former times represented 
almost to the exclusion of any species of the two orders now 
so abundant. The first of the two groups, that of which the 
sturgeon and the bony pike are characteristic, is called 
Gai^oid ; while the other, containing the sharks and rays, 
is known as the Placoid order.* Of these, the Placoid 
seems to have been the first introduced, but the Ganoid was 

* Ganoid, from the Greek yeucf (ganos,) spleodoor; the scales of these 
fishes being generally coated with polished enamel, and often exhibiting 
a T^ry brilliant lustre. Placoid^ from 9rKft( (plax,) a plate or slab ; because 
the skin of the animals of this order is irregularly covered with plates, 
studded often with enamel. (See figures 20, 21.) 
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that v^hich attained its greatest development in the ancient 
seas.* 

The tribe of existing Placoid fishes most resembling those 
>¥hose remains are found fossil, is that of which the sharks 
are the well-known representatives. These powerful and 
rapacious animals, which are at this day the tyrants of the 
deep, seem to have been, when first introduced, of small 
size, and were accompanied by some few species pf the 
next or Ganoid order. Only nine species of these shark- 
like monsters have yet been determined with certainty from 
the. Silurian and devonian rocks ; and of these, two only are 
from the former. 

It is chiefly the Ganoid fishes whose remains are handed 
down to us in the old red sandstone and other rocks of that 
period. Sixty distinct species of these fish have been men- 
tioned and almost all of them are knov^n from British speci- 
mens. Most of them are remarkable for exhibiting strange 
peculiarities of shape, approximating them in some instances 
to the structure of the lower order of animals, combined 
with some apparent affinities to the class of reptiles. 

The most remarkable group of these fishes contains seve- 
ral genera, three of which will require special notice. 
They are the Cephahspis (or buckler-headed, fig. 22,) the 
Pterichthys (or wing fish, fig. 23,) and the Coccosteus] (fig. 
24,) so called from the berry-like tubercles with which its 
bony scales are covered. 

The most extraordinary part of the first of these fishes, 

• The remaining two g^roops are called respect i?ely Ctenoid (xrwoct 
ctenoSf a comb) and Cycloid (xvkaoc, cyelot, a circle,) from the shape and 
vtrociure of the scale. (See figures 18, 19.) 

t All these names are derived from the Greek. They are thus ob- 
tained : — Cephaiaspis, jci^texjr, {eephale^) a head ; M^ms (flspis^) a shield or 
buckler. 2. Pterichthys, n-Tipoir (pteron,) a wing ; /;^duc iickthys^) a fish. 
3. CoccosteuB, jicxxoc {eoceoSt) a berry ; wrtot (osteon^) a bone. 
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" the buckler-headed," is the head from which its name is 
taken. This has been compared* to the crescent-shaped 

blade of a saddler's cutting-knife, 
*' ' the body forming the handle. 

It is extremly broad and flat, ex- 
tending on each side considera- 
bly beyond the body, and the 
bones appear to have been firmly 
soldered together, so as \o form 
one shield, the whole head thus 
being apparently covered by a 
single plate of enamelled bone, 
and when seen detached from the 
body hardly to be distinguished 
from the head of a trilobite. The 
body compared with this singu- 
lar head appears extremely dimi- 
nutive ; the back is arched and 
gradually recedes in elevation to- 
wards the tail, which is of mode- 

« « rate length ; the fins are few in 

Buckler-headed Fish. , 

iCofhalatpis.) number, and not very powerful, 

but appear to have possessed a 
bony ray in front, the rest of the fin being more fibrous. 
The whole body was covered with scales, which varied in 
shape in different parts, and seem to have been disposed in 
series. This fish never seems to have attained a large size; 
the best preserved specimen having a length of only seven 
inches, with a breadth of three inches between the points 
of the cresent-shaped buckler* It has been supposed by 
Professor Agassiz that the singular shape of the head served 
as a sort of defence to this animal in case of attack ; and 

* The Old Red SaDdstone; or, New Walks in an Old Field, by Hugh 
MiUer, p. 138. 
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one can readily imagine that the soft substance of the ortho- 
ceratites, probably the largest and most formidable of its 
enemies, would be injured by any attempt to swallow so 
singular and knife-like an animal as the one before us. 

Like many, and indeed most of the species belonging to 
the Ganoid order of fishes, and common in the older rocks, 
the bones of the head, and the scales of this strange monster, 
were composed internally of a comparatively soft bone, but 
each was coated with a thick and solid plate of enamel, of 
extreme hardness, and almost incapable of injury by any 
ordinary amount of violence. The detached scales, the 
buckler-head, and sometimes the complete outline of the 
animal, have thus been able to resist destruction, and are 
found in sandy rocks, composed of such coarse fragments 
that their accumulation would seem to have been ac- 
companied with violence sufficient to have crushed to 
powder almost any remains of organized matter, and from 
which, indeed, we never obtain any fragments of shells or 
other easily injured substances. The remains of this fish 
have been found in Herefordshire and many parts of Wales, 
as well as in Scotland, and lately also in Russia; but the 
animal was strictly confined to the period of the old red 
sandstone, though it is not easy to guess what may have 
been its habits, in what depth of water it preferred to live, 
or in what way it obtained its food. 

The Pteric/Uhys (fig. 23) is even more strikingly different 
from any existing species of animal than the singular mon- 
ster we have just been considering. Reverting to the 
graphic description of Mr. Miller, we find it compared to 
the figure of a man, rudely drawn, the head cut off by the 
shoulders, the arms spread at full length as in the attitude 
of swimming, the body rather long than otherwise, and nar- 
rowing firom the chest downwards, one of the legs cut away 
at the hip-joint, and the other, as. if to preserve the balance, 
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placed directly under the centre of the figure, v^hich it seems 
to support.* Something of this appearance is indeed pre- 
sented in the fossil remains of these creatures, once the te- 
nants of the sea in our own latitude ; but we are now able to 
describe with more minuteness, if not so vividly, the real 
nature of the animal. It was of small size, not more than 




Horned wino-fisb. {Pteriehthyz eornutus*) 

a few inches or a foot in length ; its head and body were 
defended by strong plates of bone coated with enamel ; and 
its shape and proportions were singularly unlike those of ordi- 
nary fishes ; the head being small, and the body much flat- 
tened, but swelling out immediately at the junction of the 
head and neck, and gradually tapering thence towards the tail. 

* Miller, ante eit^ p. 49. 
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From the janction of the head and body there extended that 
pair of singular paddles or wings fro^ which the genus has 
been named, and which have been supposed to answer the 
same purpose as the horns of the crescent-shaped shield of 
the Cephalaspis, and defend the animal from the attacks of 
its soft-mouthed enemies. Besides these paddles, which 
were hard and pointed, and nearly as long as the body, at 
least some species of Pterichthys seem to have been pro- 
vided with another smaller pair, extending from the part 
where the body is attached to the tail ; and it is thought that 
this second pair of wings may be the remains of anal fins, 
the other pair representing the pectoral fins. The body, 
like the head, was certainly covered on the upper side by 
hard plates accurately fitting one another ; but the lower 
part both of the head and body was probably defended by 
tough skin, capable of distention, and enabling the creature 
to swallow prey of large size. The position of the mouth 
is not known with certainty, but it may have been formed 
by a transverse slit, covered by thick fleshy lips, situated 
round the edge of the plate which defended the head ; thi§ 
position, and the absence of teeth, readily accounting for 
the diflSculty there is in discovering remains of it in imper- 
fect specimens. The eyes and the apertures of the nostrils 
were probably extremely small, and placed on the edge of 
the broad plate, the only indication of the head hitherto met 
with. The tail was not long, but seems to have been thick 
and conical, and covered with scales, overlapping each other 
like the tiles on the roof of a house. 

The departure from the general form of most fishes in this 
animal is so remarkable, that when first discovered, it was 
looked upon by some naturalists as an insect, by others 
as a crustacean, and by others again it was thought to be 
connected with reptiles, owing to the singular resemblance 
of one small species to the shell of a tortoise. Strange as it 
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undoubtedly is, however, ii^ all respects, this genus forms 
one of an extinct natural family of fishes, and it is allied to 
the other genera of its class by the genus CoccosUuB^ which 
at one time was thought still more anomalous. 

Fig. 24. 




COCCOSTIUS. 

The Coccosteus (fig. 24) is entirely without the wing-like 
projections which characterize the Pterichthys, and while 
when seen as in ordinary specimens, lying on its back and 
crushed, it appears to bear no resemblance to any fish or 
other animal either recent or extinct, it was not in reality 
much unlike many well-known fishes in its general outline, 
although so oddly coated with large broad plates, which 
were studded with enamel, instead of scales. 

The head of the Coccosteus was large, broad, and high, 
nearly circular in shape, covered by several plates, and at- 
tached to the body by a very small articulating surface, 
resembling in this the insects, and departing widely from 
the fishes. The jaws are large in proportion, and armed 
with very strong pointed teeth, the mouth opened as in the 
cod and other well-known fishes, and no doubt rendered 
the animal sufficiently formidable ; and the lower part of the 
head seems to have been covered with a tough membrane, 
capable of distention, and enabling the animal to swallow 
very large bodies. The upper part of the body was chiefly 
covered by one lai^e plate, and the lower part by four plates 
of rather curious shape. The tail was large, and much 
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longer than the body, and was provided wkh two small 
fins. The detached plates, more especially those which 
covered the body, are frequently fonnd fossil in certain 
localities of the old red sandstone.* 

The fishes just described form together one of several 
groups characteristic of the period we are now considering. 
But another group also, containing four genera, is worthy 
of notice, as contrasting strongly with the Cephalaspides 
(as the former are called ;) and, instead of being clothed 
with large plates, these are recognised by the extremely mi- 
nute scales with which the fish belonging to it are covered. 
These scales give to the skin an appearance very strikingly 
resembling that of shagreen. 

The size of the fishes thus brought together is generally 
small, and their shape is squat and awkward, the head 
being large, and the body dwindling away to a very small 
tail : they have, however, large teeth, and must have been 
powerful, if not very rapid fishes. Their fins offer some 
peculiarities, being formed of a multitude of delicate-jointed 
rays, generally terminated by one very powerful ray or 
spine, sometimes simply planted in the fiesb, sometimes 
articulated to bone. Both this group and the former are 
entirely confined to the first epoch, and almost entirely to 
the particular period of the old red sandstone. 

* Besides the Cephalaspis,Pterichthys, and Coooosteus, there is a fbarth 
genos belonging to this groap, which bears, however, so near a resemblance 
to the Pterichthys as not to require a separate description in this place. 

Caithness and the Orkneys, Cromarty and Lethen Bar, Gamrie and 
Dora Den in Fifeshire, are all well-known localities for old red sandstone 
fish. Some species, exceedingly rare in other places, are met with in 
Foriarshite, and in general the different groups are distributed in special 
localities. The remains of fishes referable to the same specids occur also 
in Herefordshire, and have been found in Russia, where, indeed, fragments 
belonging to one animal of this kind {Chdoniehthys^ or Turtle-fish) are of 
gigantic sizo. 
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Another group of these ancient fishes (DipkrianSy*) is 
remarkable for the great magnitude to 'which the fins were 
developed, and the fact that in all of them the fins on the 
back and below the tail are double. The jaws of these 
animals were provided with sharp-pointed teeth ; the head 
was enclosed as if in a box of cartilage, coated with ana- 
mel ; and the scales of the body are in some species so 
large as not to have required more than about half a dozen 
to reach from head to tail {Glyptolepis.) This, however, 
was'by no means a general character, and the presence of 
prominent spines supporting and defending the fins is pro- 
bably more essential. The annexed figure (25) represents 
one genus in which these spines are beautifully exhibited 
in connexion with very minute although perfectly ganoid 
scales. It is probable, that almost if not all the fishes of 
this family of dipterians were more rapid swimmers and 
more voracious than those of the former two families. They 
are all, however, of small size. 

Fig. 25 




SpiNE-FiinccD FiSR. {Chiraeanihtu,) 

Besides these there is another family, chiefly developed 
in the latter part of the period, and attaining a larger size. 
One of the members of this group has been named Holopty- 

* Aff (di$f) twice ; Tm^f (pteron,) ft fin : double-fiimed. 
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MaSj* And is coi^ned to the deronian period. lUt hind 
was small compared if itb th« size of the body, whose pno^ 
portions were so robe»t and itiy eovering of largn rcKuideA 
deeply*wrmkled scales on so grand a Mate sis almost t9 
deserve b^ng called gigantic. The acl«al diaeosione of 
the body in one complete specimen measwfe tbtrff ifireleff 
by upwards of twelve. The jaws were of bone, coated 
with naked enamel; a row of thickly-set pointed teeth 
fringed the lips, and within this row was another whose 
bulk was at least twenty times as great. The other genus 
(Megalichthys) was perhaps more strikingly characteristic 
of the next succeeding period, during which the carbonife- 
rous limestone and coal were being deposited, and it may 
therefore be as well to postpone for the present any descrip- 
tion of it. 

On the whole, it appears, then, that this second period 
i9 at least as remarkable for the number and variety of the 
remains of fishes found in the beds which represent it as 
the former was for the fragments of corals, shells, and other 
animals of inferior organization. There seems at present 
no reasonable way of accounting for this but by supposing, 
that, until a certain time, commencing in England with the 
mud-stones of the silurian rocks, fishes had not been intro- 
duced upon the earth, and that when introduced they were 
at first few, and afterwards increased both in number and 
variety. The fact, however, that among the forms of these 
animals first met with we have several representatives of 
the tribe^ of sharks, and also of some of the bony fishes of 
singular complexity of organization,! is a sufficient answer 
to any idea that might be entertained of a gradual advance 

• From oXflc {hAo^^) the whole ; ttvux** (ptychi^) a wrinkle or fold. The 
whole lurface of the scales being covered with deeply marked wrinkles. 

t Agassiz, Monographic des Poissoas Fossiles da Vieuz Grto Rouge, 
p. 32. 

6 
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towards perfection of structure, even if we did not see in 
die order of their introduction ample reason to disprove any 
such notion. The singular family containing the Pterichtbys 
dnd Goccosteus, now that it has been fully examined, ex- 
hibits also no approach in structure and but little analogy 
to the lower tribe of Inyertebrata. 
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CHAPTER V. 

TBE APPEARANCE OF LAND AND THE INTHODUCTION OF LAND 
YEeBTABLES.— THE CARBONIFEROUS STSTEM. 

The period of the silurian rocks and the old red sand- 
stone may then be considered to include the muddy and 
sandy beds which have now become changed into imper* 
feet slates in Devonshire and the northern part of Europe — 
the coarse pudding-stones of Herefordshire, Scotland, and 
Russia — the mudstones and muddy limestones of ancient 
Siluria — the slates of Wales and Cumberland, and the 
numerous and varied strata of the same age in other parts 
of the world. It thus presents, on the whole, a vast natural 
group of strata, possessing considerable uniformity of cha- 
racter, and not difficult to recognise ; and although often 
infinitely varied in appearance, even in the same locality, 
it more properly deserves to be called a universal forma- 
tion than any other that has come under the notice of 
Geologists. 

This uniformity of character is worthy of notice, because^ 
after the conclusion of the period in question, a great change 
seems to have taken place in almost all parts of the world. 

One result of this change is seen in the preponderance 
of carbonate of lime over every other form of submarine 
deposit during this next period, and in the sudden and re- 
markable abundance of vegetable fossils, indicating not only 
the presence of land, but the existence of a luxuriant and 
quasi tropical vegetation, permitting the accumulation of 
thick and widely-spread beds of coal, which occupy basin* 
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shaped depressions in the limestones and sandstones, and 
which, although more especially abundant in the central 
parts of North America and in our own island, are recog- 
nised also in eastern Europe, on the Donetz ; in various 
parts of Asia ; and in eastern Australia and Van Diemen's 
Land. 

It must not be supposed, however, that any considerable 
proportion of Hie rodcs of tiiis, which k geaeraUy known as 
the carbonilvrous, or eoal-bemng period, is actually made 
up of the remains of vegetable matter. The &xsX of the 
series of strata thus deposited seems to have been, in most 
parts of the world, a solid compact limestone, almost the 
whole of which is sometimes the result of the labours of the 
coral in$ect ; and ahhough there are also beds of limestone 
in the more ancient part of the first great series evidently 
formed by these little animals^ .yet these bear no proportion 
whatever^ either in extent of surface or in thickness^ to the 
coralline limestones of the nctwer period we are about to 
describe. In the British Islands it would appear that the 
most considerable masses of limestone were formed imme- 
diately after the deposit of the old red sandstone and devo- 
nian rocks had been completed ; but we have distinct evi- 
dence in the gradual diminution in the size of the pebbles, 
and at length the alternation of limestone with fine marine 
gravely that there was neither a sudden change nor a break 
in the continuity of depositions. It is probable, therefore, 
that» at. the time thus indicated,, there may have existed ia 
our latitadies a diaJlow sea bottom, well adapted in some 
places for thic foundation o| eoral reefs, and probably re^t 
sembliag the shallows upon which similar cirelets of eoial 
islands have been buiU in the Pacific Ocean. Upon such 
hanks, and on a siakiog continent, the coral amcMls of the 
ancient seas seem gradually but steadily to have reared 
their ^nal monumients of labour, aiul thw there grew up 
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in tbe course Off ag^s those mimettms <fmd often delcicbed> 
bi^ always mmilAt ]iiiiesto<iyes, which may b« traced r^ 
readiy both in the Briti^ Islands and ia other p«irls of 1^ 
world. In our own country they extend from Soutb Wales 
aiid the nei^betifhdod of Bristol northwards^ bearing a 
little to the east^ and although often covered np by newer 
bedl9, they still form the predominating rocks m the countieil 
of Derbyshire, Lancashire, Yorkshire, Dui^m^ nnd Ni«P* 
thnmberland. To the west the same rock recurs, possess- 
ing all its most striking features ; and -though only exposed 
in certain limited distri<^s, yet it exists over the greater part 
of Ireland, althongh Acre, as in many parts of England, it 
is frequently covered up or replaced by a coarse sandy grit, 
onlike the old red sandstone, and generally known amongat 
Geologists as the millstone grit. 

Whilst the coral limestones were thus being built up in 
the seas which then covered our island, there seems to have 
been tf* tract of land extending to the west, ran^ng both 
north and south from England^ and also from the westehi 
coast of what is now Ireland. In evidence of this, we find 
that the lowest beds of the carboniferons period in the north^^ 
w«st of Yorkshire, in Devonshire, and alsa in some parts of 
Ireland) abound with the remains of land vegetables ; and^ 
although there is no doubt that many of these may ha^ 
been drifted by marine currents, there is, at all eventii) 
^eat probability of the distance from land not hating been 
great. 

tt is worth noticing also, with regard «x> this point, that 
the carboniferous limestones^ or corresponding beds of tb^ 
same age, skirt the old rocks of Cumberland, and are de^ 
posited in hollows in the devonian rocks of Devon^ire and 
Oorawall ; and it is likely that these very rocks themselves^ 
aa we know them to have been hardened and prepared ibi 
raeh exposure^ formed the actual dry land o( the period^ 
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and that upon them grew the trees and shrubs whose re-^ 
mains are met with in the limestones near them. However 
this may be, the existence of adjacent land at this time is 
sufficiently proved ; and we may proceed to consider the 
circumstances of the deposit of the coarse grit and finer 
sandstones, the upper members of which were the recepta- 
cles of the great masses of vegetable remains now changed 
into the mineral we call cocU. 

It is not improbable, or contrary to what we have reason 
to think the usual order of nature at present in those parts 
of the world where coral formations are in progress, that 
the building up of extensive reefs, of great thickness and 
extent, should be succeeded by a change in the level of the 
neighbouring sea bottom. In the case of the carboniferous 
rocks, this change probably involved the depression of a 
large tract of land» of whose general form and even direction 
we are quite ignorant ; nor can we even assert positively, 
with regard to this land, whether it consisted of numerous 
small detached islands, or of an archipelago with a few large 
islands, such as we now have off the eastern coast of Asia. 
But this depression was most likely succeeded by elevation; 
and in whatever direction the new land appeared, there are 
distinct indications of the deposit of very thick and extensive 
beds of sandstone and grit having preceded those muddy 
and fine sandy beds in which the vegetable remains were 
chiefly preserved, and which handed them down in vast 
abundance to the later days of our earth's history. 

These unfossiliferous sandstones are chiefly exhibited in 
the northern, though they are not absent in the southern ^art 
of the great expanse of the carboniferous rocks in England; 
and they also cover almost the whole of the mountain lime- 
stone of Ireland. Some parts of the middle of England ex- 
hibit no traces of them ; and the condition of the south Staf- 
fordshire coal-fields, where the limestone is also absent, and 
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the coal-measures' rest immediately on the old rock, offers 
ample proof of the partial character of the deposit, even if 
the very nature of coral reefs and Islands did not render 
probable the occasional absence of one member of the 
series. It is, however, worthy of notice, that in this middle 
district, where sometimes the mountain limestone and some- 
times the coarser grits are absent, we find a thin but very 
well-marked band of pale blue limestone, not coralline, but 
of distinctly fresh- water origin, belonging to the upper and 
newer beds of the coal-measures, and appearing at intervals 
over an area whose extreme points are nearly a hundred 
miles apart. 

Those parts of the great carboniferous series which gene- 
rally include the beds of coal consist of muddy and sandy 
beds, alternating with one another and with the coal itself. 
Some of them would appear to be of fresh- water and some 
of marine origin ; and they abound, for the most part, with 
remains of the leaves of ferns and fern-like trees, together 
with the crushed trunks of these and other trees, whose sub- 
stance may have contributed to form the great accumulations 
of bituminised and other vegetable carbon obtained from these 
strata, and well known under the name of coal. 

It is not easy to communicate such an idea of beds of 
coal as shall enable the reader to understand clearly the 
nature of the circumstances under which they may have 
been deposited, and the time required for this purpose. 
The actual total thickness of the different beds in Etagland 
varies considerably in different districts, but appears to 
amount, in the Lancashire coal-field, to as much as 150 
feet. In North America there is a coaI-fi«ld of vast extent^ 
in which there appears at least aa great a thickness of work-^ 
able coal as in any part of England ; while in Belgium and 
France the thickness is often much less considerable^ al- 
though the bedsjhicken again still further to the east. 
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Bi)t Hm accouDt of the thickness of the beds gives a very 
imperfect notion of the quantity of vegetable matter required 
to fprm them ; and, on the other band, the rate of increase 
of vegetables, and the quantity annually brought down by 
some of the great rivers, both of the eastern and western 
continents, is beyond all measure greater than is the case 
in our drier and colder climates. The trees which, in many 
cases, contributed largely to the formation of the coal, seem 
to have been almost entirely succulent, and capable 6f being 
squeezed into a small compass during the partial decompo- 
sition, This squeezing process must have been conducted 
on a grand scale, both during and after the formation of 
separate beds, and each bed in succession was probably 
soon covered up by muddy and sandy accumulations, now 
alternating with the eoal in the form of shale and grit-stone. 
Sometimes trunks of trees caught in the mud would be re- 
tained in a slanting or nearly vertical position, while the 
sands were accumulating round them; sometimes the whole 
would be quietly buried, and soon cease to exhibit any ex- 
ternal marks of vegetable origin.* 

To relate at full length the diflerent processes, and the 
gradual superposition of one bed upon another, by which 
at length, and by slow degrees, the whole group of the coal- 
measures was completed, would involve far too much com- 
plication of detail to be described in a few pages; and when 
it is remembered that the woody fibre, when deposited, had 
to be afterwards completely changed, and the whole cha- 

* There can be no reaaonablQ doubt, jadging from tiie analogy of exist- 
log vegetaUon, that some beds of coal| may have been derived from thtf 
miM of fegetable matter present at one time on the sarikoe and submerged 
snddeiily. It it only necessary to refer to the acooqnts pf TCgeUtiop vpk 
some of the cttremely moist warm islands in the southern hemisphere, 
where the ground is occasionally covered with eight or ten feet of decay- 
ing i^getable matter at one time, lo be satisfied that this is at least possi- 
ble. 
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racter of the vegetable modified, before it could be reduced 
to the bitumitious, brittle, almost crystalline mineral now 
dog out of the earth for fuel, it will rather seem questional 
ble whether the origin of coal was certainly and necessarily 
vegetable, than reasonable to doubt the importance of the 
change that has taken place, and the existence of extraordi- 
nary means to produce that change. Nothing, however, is 
more certain than that all coal was once vegetable ; for in 
most cases woody structure may be detected under the mi* 
croseope, and this, if not in the coal in its ordinary state, at 
least in the burnt ashes which remain after it has been ex* 
posed to the action of heat, and has lost its bituminous and 
semi-crystalline character. This has been too well and too 
frequently proved by actual experiment, to require more 
than the mere statement of the fact. 

The principal vegetable remains, the study of which con*» 
ducts the botanical fossilist to a knowedge of the trees and 
shrubs, that clothed the land during this period, are not met 
with in the substance of the coal itself, but in the shales and 
sandstones so abundantly mixed with the coal. These beds 
have received, and occasionally retained, the fragments ths^ 
have been deposited in them; and from such fragments, 
consisting of leaves and small branches, portions of the 
larger branches, or even the entire trunk, and occasionally, 
also, internal casts or markings of the surface of the fruits 
of variqus trees, conclusions have been arrived at and ana* 
logics drawn expressing the relation they bear to existing 
plants. Now i^ in all cases, the solid substance of the 
trunks and the perfect outline of the leaves and fruits had 
been preserved, the botanist might fairly have been expected 
to explain the general character of the vegetation thus ex^ 
emplified ; but unfortunately this is not the case. In most 
instances, even those which seem most favourable, it is 
only the cast of die tree in sandstone, the impression mad^ 
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by the outside or inside of the bark, and a little of the sub- 
stance of the bark turned into coal, that remains ; and the 
shape even of the trunk has been often completely lost by 
crushing; thus showmg, indeed, one peculiarity indicative 
of the great natural group of trees to ivlych the fossils be- 
longed (tiie Monocotyledons, or Endogens,) but at the same 
time almost precluding the possibility of comparison \^ith 
the few recent plants of the same tribe which appear to re- 
semble them in general form or structure.. 

Still, in spite of the difficulties with which the subject is 
surrounded, and in spite of the perplexing confusion which 
might well alarm the botanist only acquainted with the 
ordinary marks of distinction exhibited by plants, a great 
deal has been done towards determining the general nature 
of the flora of the islands of the carboniferous period. It is 
remarkable, that, in the first place, this flora is found to be, 
to a great extent, uniform in all parts of the globe from 
which carboniferous fossils have been obtained f and, in 
the next place, that, if we wish to compare this ancient 
flora with those which bear resemblance to it at present, 
either in the general preponderance of particular plants, or 
in the total absence of others, we must leave entirely the 
northern latitudes and the northern hemisphere, and trans* 
port ourselves to the islands in the neighbourhood of our 
antipodes, where New Zealand and the southern part of 
Australia, together with an innumerable multitude qf small 
islands, form almost the only land that now exists in the 
vast area between the tropic of Capricorn and the South 
pole. 

But although in such distant parts of the world we really 
have a somewhat similar group of plants to that of the coal-* 

• Namely, the whole of weatern, northern, and eastern Europe, North 
America from Alabama to MeMHe Island, various districts in Asia, eastern 
Australia, and Van Diemeo's Land, and (probabljr) the Asiatic islands. 
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measures, and the dark-tinted ferns do now, as they once 
did in the northern hemisphere, take the place of our cheer- 
ful grasses, and even grow in rank luxuriance into forest 
trees, being associated with palms and some peculiar pines, 
there is probably after all but little true resemblance ; nor 
can the Geologist feel satisfied that the condition of things 
was the same formerly in England as it is now in the islands 
of the southern sea. One of the most remarkable peculiari- 
ties of the coal fossils certainly is, however, the singular 
preponderance of the tribe of ferns already alluded to, and 
the great variety of form in which plants of this kind are 
developed. Of these forms, the annexed figures (26, 27) 

Fig. 36 Fig. 27 



Peoopteris. Odoiitoptbris. 

represent two that are common and highly characteristic. 
They are found sometimes in isolated fragments, in sand or 
shale, but are sometimes so very abundant, that the whole 
mass seems to have been formed rapidly in association with 
such vegetable remains. 

Besides these two forms, there are, however, many others ; 
as, for instance, the Sphenopteris (fig. 28,) and the JVcwrop- 
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teris^ (29 ;) both of them common, and, in aU probability, 
belonging to the group of arborescent ferns, and growing in 
wild luxuriance on stems of greater or less altitude. Some 

Fig. 28 Fig. 29 



Sphbmoptbris. NcUROPfERIS. 

notion may be formed of the peculiar character of such 
vegetation by referring to the frontispiece at the beginning 
of this volume, where it has been endeavoured, by com- 
bining existing and analogous forms with some restored 
forms of extinct plants, to communicate a notion, however 
vague, of the flora of the coal period. 

Besides the arborescent ferns, then growing to a great size, 
I might also notice the gigantic proportions of other plants, 
whose modern representatives are uniformly small ; but, as 
the resemblance i^ this case is simply one of general form, 
and the great majority of other trees seem to possess no 
living type to which they can be referred, it is by no means 
impossible that these also may be completely lost. One 
example of them is seen in a plant, fragments of which are 

* These names are all derived frook the peculiar form of the leaf and 
its venation, in combination with the Greek word ^tt^s (pteris^) a fern* 
The derivatives are respectively wvu* (pecOf) to comb ; oihvt gen, e^otrof 
(Mfofifos,) a tootii ; g'^nt gen. g'^ntos (spAenos,) a wedge ; and twfof (neunm^) 
a nerv6. 
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estre^Qiely eommon in the coal-raeasiures, and vrhieb bas 
been called C^lamUe* (fig. 30.) 

The remains of calamites ccmsist of jointed fragments, 
vrbkb were originally cylindrical, but are now almost always 
crushed and flattened. They resemble 
very closely, in general appearance, the ^' 

common jointed reed growing ih marsh* 
es, and eaUed Equisetum, or mare's tail; 
but, instead of being confined to a small 
size, they would seem to have formed 
trees having a stem sometimes more than 
a foot in diameter, and jointed branches 
and leaves of similar gigantic proper- Calamity 

lions. They were evidently soft and 
succulent^ and very easily crashed. They seem to have 
grown in great multitudes near the place where the coal is 
now accumulated ; and, though often broken, they seldom 
bear marks of having beea transported from a distance. 

The calamites^ although common fossils in the coal-mea- 
sures in all places where those rocks appear, are by no 
means so abundantly present as the fronds or leaves of ferns ; 
and the$e latter seem, as has been already observed,, to have 
belonged to that tribe of ferns, species of which grow to a 
great height and on a lofty trunk, forming what are called 
tree ferns, wxU known in the Australian Islands and colo- 
nies, and met with also in other countries wheie the coadi-^ 
tions of vegetation are equally favourable for these plants. 

There is nothing in the appearance of such leaves or their 
structure which distinguishes them very especially from the 
ferns of a later period or of the present day. Their great 
preponderance over all other fossils in the shales, proves 
bow large a proportion they occupied of the whole flora^ or 

* JUdKA/uiof {calamoit) a reed. 
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at least of that portion capable of preservation; and the pre- 
sence, also, of stems and trunks, marked vith scars like 
those observed on modern tree ferns, shows that, like these, 
they attained a very large size, and grew in a very similar 
manner. 

Two well-marked genera of lofty forest trees are almost 
the only other plants, which appear, from their great abun- 
dance, to have contributed in large proportion to the solid 
matter of the coal. Of these, one, called by Geologists 
Lepkbdendron'^ (see frontispiece,) seem to have risen to a 
great height from the ground, and to have given offbranches 
at a very acute angle. The whole stem was covered with 
scars, or marks of the places from which leaves had fallen, 
and the leaves or fronds themselves seem to have been 
borne in long row^, arranged in a different manner from that 
observed in existing trees. The most probable account of 
this tree is, that it bore a considerable resemblance in some 
respects to a particular group of pines, but that it exhibited 
in other matters, and those too of great importance in classi- 
fication, analogies with the singular club-mosses [Lycopodir 
occiB,) so close as almost to justify the opinion of its having 
formed a connecting link between these two very different 
natural tribes of plants. 

Another genus, the Sigillariaf (fig. 31,) must, if recent 
observations are correct, be considered as the stem of the 
tree of which the so-called Sligmariai was only the root. 
It was even more abundant, and a still more important ele- 
ment in the formation of coal, than the Lepidodendron. 

* Aflrif, gen. ynrtSbt {l^ido$t) a scale ; ^oi^y {dendron) a tree : the trunk 
of thii tree beings marked along its whole length with scales or scars. 

t From the Latin ngUlum, a seal, or the impression made by it; 
the trank of the tree appearing to have been stamped with a pattern in 
regular rows along the direction of its length. 

t IrryfJLA {tiigma,) a mark. The fossil was called Stigmaria, from the 
regular and deep marks or brands impressed on the supposed stem or root 
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The stems of Sigillariffi exhibit no internal Woody structure, 
having been for the most part either hollow or succulent, 
and easily crushed, but they were evidently provided with 
a central woody axis, and also with an outer coating of 
bark, the latter ofler turned into coal, and sometimes being 

Fig, 31. 



SioiLLARiA.— Trunk and Roots. 

nearly an inch in thickness. The whole of the trunk is ele- 
gantly fluted, and there is a single row of small scars, the 
remains of leaves, at regular distances on each fluting. It 
is pretty clear that the leaves attached at these scars were 
connected through the bark with the central woody axis. 

The fossils that have received the name Stigmariay and 
which have been supposed to be roots belonging to Sigil- 
laria, are in some places so extremely abundant in the shales 
lyingunder coal seams, that in South Wales they seem almost 
invariably to form a kind of floor on which the coal rests. 
In this case the slender fibres proceeding from the large 
roots are completely matted together, and form an entangled 
mass, traversing the bed in every direction. Like the Sigil- 
laria trunk, these roots appear to have consisted of a tough 
bark enclosing a woody centre, the interval being filled with 
succulent matter. The plants thus described probably be- 
longed to an extinct family, intermediate in character be- 
tween the cone-bearing plants or pines and the Cycadseee, 
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and they probably resembled fheZamia, although expanded 
into a lofty forest tree, and giring otT branches as well as 
leaires. 

But while such is the nearest approach that we can make 
to a description of their appearance, it must not be imagined 
that we have arrived at any very certain conclusions with 
regard to these vegetables. They appear to depart so 
widely from those which are now common in any part of 
the world, that we can only suggest what may perhaps have 
been similar, and dare not assert positively the existence 
of analogies, except that there is little doubt that in endea- 
vouring to picture to ourselves the condition of the land 
during the deposit of the coal, we must, rather look to the 
southern antipodal islands, and especially to New Zealand, 
for these analogies, than to other parts of the world where 
vegetation, although even more luxuriant, belongs to a dif- 
ferent type. 

And there is, after all, nothing improbable in the notioa^ 
that, at the period of the deposit of the coaUmeasufes, the 
northern hemi8{>here in our latitudes was for the most pari 
occupied by a great oeeao., studded aver with nuBieroaa 
islands, some of larger, some of smaller size ; open water 
reaching frojaa this archipelago quite to the arctic circle. In« 
numerable Islands and reef» may have been there pla&ted and 
destroyed, while some few, undergoing depression at a slow 
rate, became before their final disappearance the receptacle 
of those sandy and^muddy banks among which the vegeta* 
ble matter was embedded. Nameeaus inlets may have in- 
dented the. coast line of the larger islands^ and have received 
into them, rivers or mountain streams, loaded with the frag-^ 
ments of trees and other vegetables^ brought dawn during 
the rainy season. 

. The whole of the interior of the Islands may haf^e been 
plotked with thick forest, the dark verdure 06 wfaidi wmM 
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only be interrupted by the bright green of the swamps in 
the hollows, or the brown tint of the fern covering some 
districts near the coasts. The forest would have been 
formed by a mixture of several different trees. We should 
see there, for instance, the loiVy and widely-spreading Lepi- 
dodendron, its delicate, feathery, and moss-like fronds cloth- 
ing in rich luxuriance branches and stems, which are built 
up, like the trunk of the tree-fern, by successive leaf-stalks 
that have one after another dropped away, giving by their 
decay additional height to the stem, which might at lengtii 
be mistaken for that of a gigantic pine. 

There also should we find the Sigillaria, its tapering and 
elegant form sustained on a large and firm basis, enormous 
matted roots almost as large as the trunk itself being given 
off in every direction, and shooting out their fibres far into 
the sand and clay in search of moisture. The stem of this 
tree would appear like a fluted column, rising simply and 
gracefully without branches to a great height, and theh 
spreading out a magnificent head of leaves like a noble palm 
tree. Other trees more or less resembling palms, and others 
like existing firs, also abounded, giving a richness and 
variety to the scene ; while one gigantic species, strikingly 
resembling the MHngiay or Norfolk Island pine, might be 
seen towering a hundred feet or more above the rest of the 
forest, and exhibiting tier after tier of branches richly clothed 
with its peculiar pointed and pear-like leaves, the branches 
gradually diminishing in size as they approach the apex of 
a lofty pyramid of vegetation. 

Tree ferns also in abundance might there be recognised, 
occupying a prominent place in the physiognomy of vege- 
tation, and dotted at intervals over the distant plains and 
valleys, the intermediate spaces being clothed with low 
vegetation of more humble plants of the same kind. These 
we may imagine exhibiting their rich crests of numerous 
7 
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fronds, each many feet in length, and produced in such 
quantity as to rival even the palm trees in beauty. Besides 
all these, other lofty trees of that day, ^*hose stems and 
branches are now called Calamites, existed chiefly in the 
midst of swamps, and bore their singular branches and 
leaves aloft with strange and monotonous uniformity. All 
these trees, and many others that might be associated with 
them, were perhaps girt round with innumerable creepers 
and parasitic plants, climbing to the topmost branches of 
the most lofty amongst them, and enlivening by the bright 
and vivid colours of their flowers the dark and gloomy 
character of the great masses of vegetation. 

Forests like these (and I have in this description confined 
myself to a strict analogy, and have very cautiously abstained 
from transgressing the bounds of probability) are at the pre- 
sent day remarkable even in islands of large size, for their 
death-like silence, and for the almost total absence of living 
beings* A few birds and insects seem to form almost the 
whole population. In many cases no quadruped exists ovei* 
extensive districts; and it is manifest that most of such 
islands have depended upon migrations for their inhabitants, 
so that they offer no guide whatever to the naturalist, when 
he wishes to determine from them the indigenous animals 
or vegetables of the district. 

If, however, this is the case with the islands of the Poly- 
nesian archipelago, it cannot be doubted that the fragments 
of organic matter carried down into the mud and sand to 
form coal, and deposited in the creeks and at the mouths* 
of rivers in ancient times, must be looked upon as offering 
still less evidence with respect to terrestrial animals ; and 
what evidence exists on this subject is almost confined to 
about half a dozen isolated specimens of organic remains. ' 

The conditions and contents of the newer formations of 
the secondary epoch, render it also probable that land ani- 
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Fig. 33 



mals, if existing at all, were yet more rare in die older 
period than afterwards, since, in the few localities where 
fresh- water fossils are found under similar circumstancesi in 
newer beds, (as in the oolites and wealden,) the remains of 
land reptiles, and even of mammals, have been discovered* 

All that can be made out from the fresh-water limestones 
and other beds of the coal- 
measures is, that at this period 
a few insects were in existence, 
and were associated with some 
very minute crustaceans (the an- 
nexed diagram will give an idea 
of one of these) and several shell- 
fish. No fragment of a quadru- 
ped, bird, or reptile has, how- 
ever, yet been obtained from 
any of the carboniferous strata in 
any part of the world, although 
there are not wanting in some of 
the sandstones associated with 
the coal of North America distinct indications of foot-prints 
referred to birds and perhaps reptiles. 

The inhabitants of the sea during the carboniferous pe** 
riod are, as might be expected, much more clearly made 
out than those of the land ; and their remains are in many 
cases very abundant, and sufficiently distinctive to enable 
us to determine the modifications and changes that had taken 
place since the deposition of the first fossiliferous bed. 

And, first, with regard to the corals, we find indeed new 
species, but the difierences are small and unimportant. The 
encrinites, so similar to the coral animal in some respects, 
had also been replaced by new species, the foriis having 
become on the whole more complicated. Higher groups, 
too, of radiated animals were introduced, and the sea-urchin 
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and the star-fish, although rare, were not unknown in the 
sea. Trilobites still remained, and herded together chiefly 
in shoal water near the muddy and sandy bottoms ; and 
dome other small crustaceous animals are known from im- 
perfect fragments of them occasionally found fossil. 

But the shells of molluscous animals are too abundant, 
too varied, and too widely distributed in the rocks of the 
carboniferous period, to be passed over without some careful 
notice. Those of Brachiopoda (e. g. Spiriferj ProdtictitSj 
and Terebratula'^) chiefly preponderate, although not so 
much so as in the older rocks, while the cephalopods, also 
very abundant, are developed in new forms, many of them 
being intermediate in their structure between the nautilus 
and the ammonite, and others retaining the simple form of 
the orthoceratite. 

The Productus (fig. 34) is a very remarkable and inte- 
resting shell, although the exact nature of the animal in- 
habitant has not yet been satisfactorily made out. The 
shell is of a very fibrous texture, and a number of fine 
tubular or hair-like appendages are, in many cases, attached 
to it, sometimes passing through the fibrous shell, but at 
other times only extending from the line of junction of the 
two valves, which are not connected hj any hinge, and 
which were probably at once united and fastened to some 

' * SpirifeTt Latin, tpireJteariug ; so called because a coil of earbonate of 
lime, useful probably in keepinn^ the shell parUy open, ip not unfrequently 
seen in the shells of this genus., An analogous contrivance is met with 
in most members of the order of Brachiopoda in some shape or other. 

Productutf prolonged, or drawn out in length ; one valTe of the shell 
being in most species prblonged beyond the other, and often to a great 
^xtent 

. TerebrattUat from terebratuSt pierced ; one valve being pierced at the 
apex, to admit of the passage of a fibrous bundle proceeding from the other 
Valve, serving to attach the animal to come hard snbstancr, as a stone or 
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solid body by this contrivance. As in the other brachio- 
pods, there appears here also to have been a mechatiical 
contrivance for keeping the valves partly asunder; and it 

Fig. 33 Fig. 34 



Spirifeb. Productus. 

would seem, that, at least in some species, the shell was 
very thin, and readily adapted itself to the shape of the 
stone on which the animal had fastened itself. The fossil 
shells of the productus are extremely abundant throughout 
the carboniferous limestone, and are found in a limestone 
overlying the coal-measures ; but they are rarely found in 
the millstone grit or the coal-measures themselves, the cir- 
cumstances of the deposit being probably unfavourable for 
the existence of such animals. 

The singular spire of the Spirifer (fig. 33,) often well 
preserved and generally occupying a considerable portion 
of the interior of the shell, is characteristic of the genus, 
and alluded to in its name. The shells of this group are 
not by any means strictly confined in locality or limited in 
its range, and, with the exception of the terebratula, they 
are perhaps the most widely distributed of the fossils of the 
first epoch. Several species pass likewise into the lower 
beds of the middle epoch ; and it is not unlikely that some 
of the species referred to terebratula, and now living, may 
ultimately be recognised as spirifers. The species of tere- 
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bratula of the mountain limestone (fig. 35) are not very 
strongly marked, and some of them are capable of mis- 
leading the young fossilist by their 
^' ' great resemblance to shells of a much 

newer period. The species figured 
admits of a singular extent of variety 
of form. 

There are many other bivalve 
shells of the carboniferous limestone, 
and some of them are of considera- 
ble interest, but I cannot here ven- 
ture upon any detailed account of 
them. On the whole, there is a 
manifest approach to the existing 

Terebratulahastata. ^yP^' although many genera at that 
time existed, all the species of which 
have since vanished, and a much greater number of new 
genera have been since introduced. 

Fig. 36 Fig, 38 Fig. 37 





Bellbrophon. Murchisonia'. Bellerophon. 

Of univalve shells there are several which seem to have 

been either chiefly or entirely confined to the rocks of the 

carboniferous period. The name Bellerophan* (fig. 36, 37) 

* BeUenpkon^ a Greek name of a pereoii auppoeed to hare lived in tbe 
heroic age. Aa applied to the fbaail, thia name ia entirely iancifbL 
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has been given to one genus of doubtful affinity, \17hich has 
been referred in succession to various group| of Molliisca, 
and even to the Pteropoda, known to occur in the silurian 
rocks. The great thickness of the shell, its structure and 
mode of growth, and the kind of shells associated with it, 
render it more likely, per- 
haps, that the animal belong- ^' 
ed to the Gasteropoda, and 
was not far removed from the 
limpit.* 

The Cirrusy\ a flat shell, 
composed of a number of 
whorls, and often attaining: ^ 

' ° EUOMPHALUS. 

an enormous size, seems to 

have inhabited the same muddy bottoms near shore ; and 

the EuomphalusX (fig. 39) probably resembled it in habit. 

But the cephalopodous inhabitants of the seas during the 
carboniferous period were still the most important and the 
most numerous of the molluscous 
animals; and they included not only ^* ^ - 

•the straight shells of orthoceratites, 
but a large number of spirally 
twisted species, bearing a somewhat 
diflferent relation to the nautilus. 
The most important are called 60- 
rdatUes^ (fig. 40.) The nature of 
the difference here exhibited, and 
its influence on the habits of the Gonutitb. 

animal, will be considered in a fu- 

* De Koninck, Animauz b ossiles de la Belgique, p. 334. 

t Ctrr««, a curl ; so caUed from the form of the shell. 

X Ewmphaluif'-^iu (eu,) elegant; o/u^<txo( {omphalutt) a boss; so called' 
from the well-marked and distiuct proportions of the shell. 

i 0<miatite9^ ycfA9c (gonos,) an angle ; from the angular markings mads 
by the intersection of the walls of the chambers and the ooter shell (See 
cut.) 
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tare chapter, ^hen speaking of the Ammonites, fossils of a 
yet newer period. 

It has been already mentioned that the fishes, which, 
during the devonian period were for the most part of small 
size, and could not have been extremely formidable or 
powerful, were gradually advancing in development to- 
wards the latter part of the period, and that several new 
forms, of strange aspect and gigantic size» were then intro- 
duced. These seem to have attained their maximum of 
size and strength during the carboniferous epoch. 

Two great natural families of fishes, one of them entirely, 
and the other almost extinct, seem to have occupied at this 
time the place of the great marine reptiles which succeeded 
and displaced them. These two families are nearly allied 
to each other, and present many remarkable and close ana- 
logies to the true saurians or reptiles, and for this reason 
the one first determined was named Sauraid* The sau* 
roid or reptilian fishes, although met with throughout in the 
rocks of the secondary epoch, and often very abundant, 
no where attain so great a magnitude, or ofier such perfect 
types of their development, as in the earlier seas, whose in- 
habitants we are now considering. 

So intimate is the resemblance, and so nearly perfect the 
passage between fishes and reptiles through these sauroid 
fishes, that very little is wanting to complete our know- 
ledge of the numerous extinct forms, in spite of the rarity 
of existing species with which to compare them.f It will, 
however, be better to confine our attention chiefly to the 

* S«t;pec (MttrM,) a lizard ; u^»f (eidon,) resembling : from the strong 
saurian or reptilian analogies exhibited, chiefly in the teelh. 

t The existing sauioid fishes consist of seven species only, five of them 
belong'ing to the genus LepidosteuSf or bony pike, which are sut&ciently 
common in the great American rivers; and two species o£ PtdfptfruSt one 
f^om the Nile, and the other from the Niger. The scale of one species of 
Lepidosteus is figured in page 71, fig. 20.. 
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one or two genera m.ost remarkable and most characteristic, 
in order to obtain an idea of the peculiarities which distin- 
guished the ancient fishes from their living type. 

The Megalichthys* (fig. 41,) as its name imports, was an 
animal of large size, and seems also to have been of great 
strength. Its head was large, and the gape of the jaws 
enormous ; the jaws themselves powerful, and provided with 
a range of most formidable teeth, of which some of enor-> 
mous size projected far beyond the rest, as is the case with 
the crocodile. The dimensions to which the animal must 
have attained may be imagined, when it is known that these 
Fig. 41. 



Jaw and Teeth or Gioamtic Sauroid Fish. 
{Megalichthys.) 

teeth have been found measuring four inches in length, and 
nearly two inches broad at the base, a size'rarely if ever 
met with even in the largest reptiles. The body, covered 
with scales of corresponding magnitude (sometimes five 
inches in diameter,) was well shaped for swimming, being 
formed upon a robust bony skeleton, and provided with an 
extremely large and powerful tail, enabling it to advance 
with extreme rapidity. It must have been eminently carni- 
vorous, and capable of pursuing and taking almost any living 
creature among its contemporaries.! 

* Mfy«xj», (me^aZe,) great ; tx^t (iehthys,) a fish. 
f Althoagh onquestionably a fish of large size, and, compared with 
other fishes of the ganoid order, truly gigantic, it was by ho mennn sn with 
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The Holofiychius* a genus nearly allied in many respects 
to the sauroids, seems to have differed from that family in 
some important points of structure. The specimen best 
known of this fish is about thirty inches long without the 
tail, and exhibits the most singular and robust proportions. 
Although the head is small, the naked jaws (covered with 
enamel instead of skin) are lined with a double row of for- 
midable teeth, the outer ones being thickly set and fringing 
the enamelled edges of the mouth, but the inner ones wider 
apart, and at least twenty times the size of the others. The 
scales on the body of this fish, and the bones, are so like 
what is seeii in reptiles, that they were, when first dis- 
covered, supposed to belong to some large saurian ; and 
the scales might indeed have served for the defensive 
armour of a crocodile five times as large as the fish. Not 
less than five species of this remarkable genus have been 
already determined from the beds of the old red sandstone 
period, and eight from the carboniferous rocks, all of them 
exhibiting more or less distinctly the peculiarly massive and 
robust character of the family. 

But the great reptilian fish were not the only inhabitants 
of the sea during this period, nor were they even the only 
ones of large -size and possessed of great strength and vora- 
city. Not less than sixty species belong to various genera, 
all nearly allied to the shark tribe and some of them of very 
large proportions, are indicated by the remains of teeth dis- 
covered in various localities in the limestones, sandstones, 
and shales of the carboniferous series; and thirty-three 
species have been determined from fragments of fins and 
detached vertebrae from the same beds. Now, as there are 

reference to many existing tribes. The ganoid fishes, however, were 
generally small or of moderate dimensions. 

* Oaoc (AoZof,) entire, complete ; and wtvxn (fiyche,) a wrinkle, or fold: 
the fish^a scalee being entirely corered with wrinkled markings. 
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no more than seven species of shark-like animals determined 
from the fossils of the old red sandstone, evea including 
two which may be indentical with some of the other five, 
it seems that a great and important change had taken place 
in the introduction of a large number of species of this 
class, which was very imperfectly represented at first, but 
which continued important for a very long time, and still 
forms a group performing a distinct part in the economy of 
creation, 

Fragments of placoid fishes, whose remains, although con- 
sisting only of teeth and bony fins, are thus abundant in 
species, are in some places very common.* They were 
not, like those of the former class (the ganoids,) securely 
encased in enamelled armour, but were covered at intervals 
with small detached plates, which could scarcely serve the 
purpose of defence. It is probable that this was little 
needed, and that the animal depended chiefly on its exi 
treme swiftness of motion both to obtain its prey and escape 
from its enemies ; while the perfect apparatus of teeth (the 
commonest fossil remains of these fishes) indicates beyond 
doubt its ordinary habits ; and the bony rays (also very fre- 
quently met with) attest the provision that was made to ena- 
ble the animal to turn itself on its back and seize its pr^y 
when overtaken, with a rapidity and precision of which we 
are scarcely able perhaps to form an idea. 

The numerous rays, or bony spines, called Icthyodorulites^\ 
so often found fossil in these and newer strata, seem to be 
identical with the bony spine with which the Port Jackson 
shark is provided, and which being moveable, and attached 

* Among the most remarkable localities are several in the earboniferoat 
limestone of Bristol, and others in the same rock in the neighboorhood of 
Armagh. 

t I;^dt/c {yihihya^i a fish; ^ofv {doru^ a spear ; xifloc (Zt^Aos,) a stone : these 
fossils being spear-like ps^ojections ftom the back and belly of a shark-like 
fishy supporting fins, and serving probably also as weapons. 
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to a fin, enables the animal to turn itself readily on its back 
while swimming. These spines are variously marked ac- 
cording to the species or genus to which they belong. 
Thiey will be described at greater length in a future chapter 
when treating of lias fossils. 

See then the great and striking change that had super- 
vened towards the close of this carboniferous period. The 
corals and the encrinites remained with little alteration of 
general form ; the trilobites were nearly extinct, and seem 
but scantily replaced by other crustaceans ; the Brachiopoda 
had assumed new forms, which some of them retained long 
afterwards, and which are even handed down to the present 
day;* the ordinary bivalve and univalve shells were gradu- 
ally increasing; and the prevailing Cephalopoda, retaining 
up to this period the elongated straight form of orthoceratites, 
were also developed in the spiral form seen in goniatites, 
and afterwards continued in ammonites, — a form better fitted 
perhaps for the altered conditions of the sea and the greater 
stir of life that was about to succeed. But the fishes pre- 
sent the newest and the most striking appearances. The mi- 
nute, but probably fierce and voracious species, which first 
marked the introduction of this class of animals, had been 
succeeded by a comparatively clumsy and awkward race, 
coarse feeders, of small size, and indifferent swimmers, but 
covered either with strong plaited armour or with fine coats 
of mail, and apparently very abundantly distributed. ITiese 
lasted for a time, but then gave way to the advance of other 
and higher groups. Innumerable sharks of all sizes, and 
perhaps of many forms, rapid and powerful swimmers, 
fiercely and insatiably carnivorous, were associated with 
huge monstrous fishes, more resembling reptiles than any 
of their own class at the present day, and incredibly power- 

* Some Terebratule of Uie carboniferous period are exceedingly ]ike 
oolitic Bpeciesi and some of them closely resemble species still extstincr. 
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ful and voracious. The fishes at this time had attained, it 
would seem, their maximum of development in point of 
vigour, and in some respects (though in some respects only, 
and by analogy) in structure ; and it is not a little interesting 
to find, that, at this point, so far as we can tell, the true 
reptiles were actually introduced (the remains of that class 
being indicated in the coal-measures, and actually found 
in the magnesian limestone associated with carboniferous 
species of fishes.) 

The reptiles thus appearing were not, however, members 
of that group through which the passage from sauroid fishes 
to true saurians takes place, but belonged to a higher form and 
to a complicated type of that form. It seems clear, therefore, 
that, while progression and a general advance in point of or- 
ganization is in one sense a method observed by nature, still 
there is not such a regular gradation that an animal of lower 
oi^anization can be supposed to be employed as the agent 
in introducing a higher group ; this view, however plausible, 
not being borne out by observation, but, on the other hand, 
being distincdy contradicted by the results of geological 
and palaeontological investigation. 
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CHAPTER VL 

THB CL08B OF THE FIHST KFOCH Or CUATION.— THE HA0NS8IAN LIMK* 
STONE, OR PEHMIAN SYSTEM OF DEPOSITS* 

After the coal-measures had been deposited in the creeks 
and at the mouths of rivers, and probably very near the land 
anciently existing, a great change seems to have taken place 
in the northern hemisphere in the relative level of the land 
and sea bottom, so that a quantity of coarse gravelly matter, 
apparently the debris of some sandy or granitic rock, was 
more or less abundantly deposited. This sand sometimes 
reposes conformably and evenly on the upper coal grits, 
which pass into it: at other times the upper surface of these 
latter beds has previously undergone much wearing and 
grinding away, and occasionally the lower beds, originally 
horizontal, have been tilted up at various angles to the hori- 
zon, and the upper ones removed before the newer sand- 
stones were placed upon them. 

Notwithstanding the turmoil and agitation which marks 
this movement in some districts, it is yet certain that the 
disturbances began by small and comparatively unimportant 
changes of elevation, occurring at intervals and at distant 
points, so that the general aspect of submarine life, as known 
by the fossils found embedded, was scarcely so far altered 
as to require the introduction of any distinct groups. 

With regard to our own country, the principal deposits 
subsequent to the carboniferous rocks fringe these rocks 
both on the western and eastern sides. They pass in some 
cases by regular transition from the coal-measures, occasion- 
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ally containing similar fossil vegetable and animal remains^ 
and rarely indicating the lapse of any long period eorres«* 
ponding to a considerable break in the continuity of the 
successive strata. 

Overlying the course sandy beds which rest upon the 
coal-measures, there is next met iivith a limestone, (the 
magnesian limestone,) vrhich differs considerably from most 
of the ordinary limestones in its general appearance, and 
v^bicb, in the possession of a variable proportion of carbo- 
nate of magnesia, mixed with its carbonate of lime, seems 
to have required either a totally different condition of de* 
position from any with which we are acquainted, or a sub- 
sequent change only seen at present in recent volcanic dis^ 
tricts, and then on a small scale. This limestone, however,- 
contains fossils, and among them a few corals and shells; 
and there are also found in it fragments and sometimes com- 
plete skeletons of fishes, which seem to have been tolerably 
abuiidant in the seas, since whole beds are charged with 
animal bitumen, probably derived from their decomposition, 
and in these beds the skeletons and other indications of the 
fishes are more than usually plentiful. But the most re- 
markable phenomenon of the magnesian limestone and con- 
temporaneous strata is the presence in them of distinct rep- 
tilian remains, at least five species of which have already 
been made out. 

Over various parts of the continent of Europe, as in our 
own island, the coal-measures are more or less covered up* 
with beds, consisting of this course grit overlaid by clay and 
limestone, the clay being often remarkably bituminous, and 
the limestone generally exhibiting the chemical peculiarity 
already alluded to, containing a certain proportion of car-' 
bonate of magnesia, mixed with the carbonate of lime. In 
the east of Europe, however, and more especially in Russia^ 
this series is exhibited in its greatest completeness. It is 
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there found occupying a hollow or trough-like depression 
in the carboniferous strata, and is said to extend for a dis- 
tance of nearly seven hundred miles from north to south, 
and for four hundred miles between the Ural chain and the 
river Volga, in the ancicfnt kingdom of Permia, now in- 
cluded within the vast compass of the Russian empire. In 
this tract conglomerateis and grit-stones, with magnesian and 
other limestones, make up the series, and contain fossils 
identical with those common in Durham and the neigh- 
bourhood of Bristol, Over the whole of Europe, therefore, 
similar causes seems to have acted in producing this series 
of magnesian strata at the close of the carboniferous period ; 
and a dreary waste of sandy unproductive beds seems to 
mark the disappearance of land clothed with vegetation, 
and the gradual deepening of the sea, which at first received 
rolled and pounded fragments of rock, carried out to a dis- 
tance in the form of sand, until afterwards, the land dimi- 
nishing and disappearing, even this small supply ceased, 
and scarcely any deposit or any fragment of organic exist- 
ence was retained, in consequence of the absence of mate- 
rial in which it could be buried and preserved. 

The nature of the remains of fishes found in the magne- 
sian limestone rocks indicates also a diminution in the size 
of the prevailing species, perhaps arising from the gradual 
diminution and increasing distance of the land, and the 
deepening of the sea in the district where such remains 
occur. 

The reptilian fishes remain indeed, but they also become 
small : those of the shark tribe are few, and exhibit some 
peculiarities of structure, but are comparatively unimpor- 
tant; and the rest were chiefly the bad and slow swimmers^ 
or bottom fish, 'living on offal and on the invertebrated 
groups. 

But a time of much greater change was approachbg— a 
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time of dhiorbaiicey ^hich dhould shake to their founda- 
tioiis all the solid and massive rocks that had been then 
deposited ; and of subterranean movements, which in their 
course should break asunder the hardest and the strongest 
among these rocks ; crushing and grinding into small frag^ 
ments whole strata that had become compact and closely 
consolidated, and crumpling into complicated folds the 
toughest and most unyielding beds, as if they had been 
layers of some soft material carelessly squeezed in the grasp 
of a powerful hand« 

It is indeed impossible for words to express the compli- 
cation of disturbance, or the amount of confusion, that has 
been produced in some districts by forces acting on the 
solid crust of the globe, between the close of what we have 
called the first epoch, and the commencement of the second ; 
and yet all this was done with a certain degree of order, 
and doubtless occupied a long period of time. Volcanic 
eruptions have taken place in some districts, and their effect 
is seen in torrents of ancient lava, heaps of erupted ashes, 
and rocks chemically changed by the intrusion of heated 
vapours charged with gases. In others, enormous cracks 
extending for many hundred yards, or even for miles to- 
gether, may be traced in the more brittle rocks ; and the 
rocks themselves have been burnt as in a furnace by the 
boiling and bubbling mass of molten lava which has been 
poured from beneath into such wide fissures. Sometimes 
extensive tracts, where the rocks are thinner and tougher, 
have exhibited these cracks in systems of hundreds in number 
parallel to one another ; while here and there the intense 
fiery action firom beneath has thrown up the surface into 
blisters and domes, which are often fractured at the top, and 
thus reveal the history of their elevation. *Still more fre- 
quently, also, the irresistible subterranean force has snapped 
asunder the strata, as a violent blow would pierce through 
8 
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a few folds of paper, and one side of the broken bed has 
been lifted high in the air^ or has sunk into a deep hollow 
beneath. And if, as happened occasionally, the force was 
not sufficiently energetic to break up in this way the whole 
group of over-lying matter, it might yet effect a no less 
striking result, raising up the strata upon a line or on a point, 
and producing a saddle-shaped or a dome-like elevation, 
according to the circumstances of the case* 

All these effects, and all of them on the grandest scale, 
were produced in sbm6 way or other upon many of the old 
rocks towards the close of the first epoch of creation ; and 
every Geologist, familiar with the structure of our own 
island, could readily point to abundant examples of each 
particular disturbance above alluded to. Every coal-field 
is so split asunder and broken into small fragments by what 
are called " faults," (cracks and consequent disturbances of 
the strata,) that they alone might be appealed to as sufficient 
proof; and, indeed, the veiy appearance of the smaller 
coal-fields of the middle of England, lifted as they are far 
above the great expanse of the new red sandstone, is due 
solely to these under-ground movements, which have borne 
to the surface portions of the carboniferous and lower strata, 
that would otherwise have been hidden. 

It is not unlikely that much of the general contour of the 
high ground of England and many parts of northern Europe 
was originally marked out during the restless disturbances 
of this interval of violence. The districts occupied by the 
mountain limestone and the older rocks, at least, have pro- 
bably in later times been disturbed only by movements af- 
fecting the general level of large tracts ; and there cannot 
be a question as to the intensity and continuance of the forces 
acting beneath the surface at that time having been then 
much greater than any that have since affected that portion 
of the earth's crust exposed for investigation in our owii 
island. 
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These remarks apply chiefly to the physical geography 
and geology of England, but they also describe with very 
little modification a large proportion of all those tracts in 
which the carboniferous and older rocks appear. Excep- 
tions, it is true, are not wanting ; and a very interesting one 
is inet with in Russia, where various rocks of this first epoch 
stretch over a vast extent of country, and seem to have.been 
little disturbed, except by exceedingly slow movements of 
elevation, since they were originally deposited. We shall 
find hereafter, that, on the one hand, similar elevatory 
movements and corresponding depressions were continued 
incessantly at intervals to a very recent period, (and, indeed, 
there is evidence that they have not yet ceased in our own 
latitudes in Europe,) while, on the other hand, very few in- 
stances are known of extensive dislocation affecting the 
beds newer than the magnesian limestone in the British 
islands, at any period excj&pt that one marked by the com- 
mencement of the tertiary series of deposits. 

There are no means whatever by which we can at pre- 
sent determine how long a lime elapsed between the con- 
clusion of the first great series of deposits in England and 
the commencement of the next> nor is it for us to assert 
that the wild and chaotic confusion resulting in SiU those 
violent dislocations of the hardest strata, which we so rea- 
dily observe, was in any way inconsistent with the existence 
of life in many other parts of the world, now, perhaps, co- 
vered hundreds of fathoms of salt water. But I would not 
dwell on this possibility, for I wish only to speak of what 
is known ; nor can it be necessary to wander into the field 
of conjecture and romance, in order to obtain a striking 
picture of a former state of existence which shall exhibit 
all the charm of novelty, both in the outline and colouring. 
Without any such conjectures, of one thing at least we are 
certain: that during this interval, whatever it may have 
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been, and however it may have been ocoupted in various 
parts of the world, every species of animal, and almost 
every vegetable, seems to have been replaced by some 
new one, not differing much perhaps from the former) or 
performing another office, but yet different,-— exhibiting an 
instance of the rich variety of nature, and an effect of that 
law of universal dissolution which appears to influence spe- 
cies, as well as individuals, allotting to each its appointed 
time, and causing each to pass through the different phases 
of imperfect development, full growth and vigour, and then 
gradual but certain decay and death. 
. Little as the transition from the rocks <^ the older to 
those of the secondary period is marked by mineral changes 
in the strata, this total difference in the nature of the or* 
ganic remains is far too important to be passed by without 
notice. Both the upper part of the magnesian limestone 
series, and the strata that are superimposed, consist of sands 
often loosely aggregated, but sometimes hardened into 
stone by the infiltration of oxide of iron or some other Ce- 
menting medium. Neither of these beds is prolific in 
fossils, but each contains a few ; and this is the case as 
well in England as on the Continent, where the develop* 
ment is much more remarkable, and where the beds con- 
tain many more fossils. The difference between the or* 
ganic remains of the two beds is, however, total, and in 
fishes is carried even into a point of structure which seems 
to be connected, though in an obscure way, with the whole 
organization of thie class.* The vegetation, too, of the newer 

* tn the fielics met with in the older rocks the vertebral column it in* 
variably contiooed to the extremity of the tail (fig. 42;) and the upper lobe 
of the tail.fin, into which the back-bone extends, is larger than I he other. 
In the rocks of the secondary period, the vertebral column does not exteiid 
into the tail, but the taiUfin is generally unsymmetrical, the npper lobe 
being the largest . In more modem fii^ies the taiUfin is perfectly aymme* 
rical in every respect (fig. 43.) 
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period is distinct ; and the introduction of reptilian animals 
in great abundance, and of large size, offers a characteristic 
of considerable interest. 

I have been the more anxious to mark the existence of this 
break in the general continuity of the various strata, because, 
unlike that occurring after the deposit of the chalk, it is by 
no means distinctly visible to every one, nor is it altogether 
understood even by many Geologists. It is, however, al- 
most equally important with respect to the great standard 
of comparison, that of organic life, and its conditions have 
been worked out carefully, although they have onlyiately 

Fig, 42. Fig, 43. 




Heterocercal Tail. Homocercal Tail.. 

(PkUysmtu*) {Priatipoma.) 

been so satisfactorily proved as to admit of confident and 
direct assertion. One reason of this may perhaps be, that 
of the disturbances ultimately so effective we see in some 
cases the 'first small commencement, and are enabled to 
trace the gradual change in the general character of the 
deposits, and perceive the mineral structure of the beds in- 
sensibly adapted to the new state of things. Another rea* 
son undoubtedly is, that the changes produced on the older 
rocks after the deposit of the carboniferous system, are very 
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much hidden and covered up, in consequence of -their long 
exposure to aqueous action, and perhaps also to the atmo- 
sphere, during the countless ages that have elapsed since 
the commencement of the secondary epoch of creation. 

We pass on now from the consideration of this chapter 
in the world's history. We have seen, first of all, how the 
earth lay buried in the dark obscurity of its early state, 
when the only rocks of mechanical origin consisted of huge 
masses of decomposed and pounded granite, broken into 
fragments by the disruption of the first thin shell of solid 
matter ; and in these deposits no evidence has yet been 
obtained of any created thing having existed, either animal 
or vegetable. We have traced the history from this time 
through the period when a few worms crawled on the mud 
and sand of the newly-made shores of the ocean, when to 
these were added other lower forms of animal existence, 
and when marine vegetables first contributed to the subsist- 
ence of its inhabitants. We have watched the appearance 
of its denizens, as they, cue after another, or in groups, 
present themselves, and have seen how different were these 
from the present tenants of the sea, and yet how like them, ^ 
and how evidently and admirably adapted to perform the 
part assigned them; and we have thus gazed upon the first 
doubtful and misty appearance of light and life, as they have 
become visible in the morning of creation by slow degrees, 
and through a long twilight. Trilobites, brachiopods, ^ 
shell-fish of various kinds, are seen to abound ; and the 
cuttle-fish, or creatures nearly allied and not so highly or- 
ganized, reign for a time undisputed lord of the sea. At 
length their reign terminated ; other animals, of higher and 
more complicated functions, succeeded, and the waters, 
after a long preparation, became fit for the presence of 
fishes. These, at firs.t of small size and comparatively 
powerless, soon increased rapidly both in number and di- 
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mensions, and, encased in their impenetrable armour, 
seem to have delighted in the troubled ocean where the 
coarse conglomerate of the old red sandstone was being 
accumulated ; and for a long while these less perfect spe- 
cies of the class were predominant. In time, however, 
other fishes sprung up, the old ones were displaced, and a 
new, vigorous, and powerful group of animals came into 
the field, endowed with exuberant life, and darting with 
speed and with almost irresistible force through the water. 
Land, also, richly clothed with vegetation, even to the 
water's edge, contributed to support this abundant flow of 
life ; and some few land animals of high organization ap- 
pear to have been associated with the insects and the firesh- 
water animals whose remains have been preserved. But 
few, indeed, were the tenants of the land, so far as we 
can judge, when compared with those of the ocean; and 
while we have in so many parts of the world a rich supply 
of the vegetable remains of that period, there are only to be 
quoted the fragments of a scorpion, one or two foot-marks, 
and such like indications that nature was not inactive, 
though the conditions for preserving any terrestrial animal 
remains were so eminently un&vourable, that there is only 
just sufficient evidence to satisfy us of the fact. 

The conditions of aqueous deposit were, however, more 
advantageous so far as marine animals were concerned ; and 
during this period, and especially towards its close, we find 
that the fishes assumed their maximum of development, 
at least in the placoid and ganoid orders, for at this time 
the reptilian fishes and sharks were both numerous and 
powerful, while very soon afterwards the whole tribe of 
fishes was represented by animals of smaller dimensions, 
of different habit and comparatively powerless. It is very 
interesting in this case to watch the progress of the transition. 
The fishes in the carboniferous rocks', include many lai^e 
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duurk*like and reptilian groups. lo.tbe sandstone abore 
tlie coal, and in the magnesian limestone, are many neaily 
allied fishes, although of much smaller size, but all the 
more advanced types seem to fail. In the same newer beds^ 
however, appear true reptiles, not indeed of large size, but 
of complicated dentition, and the representatives of a high 
group ; while as we shall hereafter find, in the beds of the 
secondary period the reptiles at first exhibit high analogies 
and then pass off into a magnificent series, including tru^ 
representatives both of the earlier sauroid fishes and the 
later aquatic mammals. On the odier hand, the fidies there 
exhibit a lower form of higher groups, afterwards continued 
aad advanced to the most complicated types, but only at* 
taining a gigantic size in rooks of far newer date. The 
bearing of these points on the general question of develop* 
ment we shall have occasion afterwards to allude to. 
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THE SECOND OR MIDDLE EPOCH. 



CHAPTER VII. 

TBI C«MBIXirclMll«T OT T0B 8BC«|rS KrOCH:^-rai WOWIUTWK 
OF THJB NEW BSD SANDSTOVBy OR TBIA8SIC »K111B8. 

Over a large part of the known world, the close of the 
first epoch, marled by great subsidences of land, by the 
swallowing up or continents and islands into the sea, and 
by accompanying violent dislocations of the stratified crust 
of the globe, was of necessity accompanied by the re-dis- 
tribution of these fractured materials of strata ; and, owing 
no doubt to the great amount of trituration, the beds thus 
formed contain but few remains of organic beings. These, 
however, indicate the commencement of the new era. 

The presence of the new red sandstone, a formation con- 
sisting of sand and mari with rare local interpolations of 
limestone, characterizes this epoch ; and, afler this, until 
towards the close of the secondary or middle period, we 
find few intermediate beds over the whole of America ;* 
and the same is the case with regard to the greater pjirt of 
Asia and Australia, as far as Geologists have yet been able 
to determine. 

In England we have this chapter of the bistoiy much 
more fully developed. The new red sandstone itself, it is 

* Th«re k, indeeclf one nugsifioeiit exception in the Riobimmd ooUtic 
eoftl^field pf YirglDia, U, S., wliere the beda of coal are of vast extent, an^ 
rif al those of the true carboniferous period. 
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true, consists of little more than loose sand and mud, de- 
posited, perhaps, rapidly, from the fractured rocks of the 
earlier period. It is, therefore, very poor in fossils, and 
exhibits but few of these hieroglyphics whose language we 
can interpret ; and, although richer in this respect than 
England, the whole continent of Europe is marked by a 
similar comparative rarity of organic remains in the beds. 
But afterwards, it would appear that, the subsidence not 
having been complete, there remained in our latitudes a 
number of islands, forming an archipelago not unfavourable 
to the existence of many races of animals and vegetables, 
especially those capable of supporting life in spite of con- 
stant oscillations and changes of condition of the surface. 

We have seen that, even up to the very close of the 
earlier epoch, there is no distinct ami unquestionable 
evidence of the nature and position of the land on which 
grew the vast forests from which coal was elaborated. 
Here and there it has seemed that the trees of which we 
find fragments must have grown on the spot where broken 
trunks are now apparently attached to their roots, the roots 
and trunks being buried together in the very soil from which 
.they obtained their nourishment. But these instances are 
rare and exceptional ; and although we may be certain that 
the land was not far off, yet its exact position, trnd whether 
it was a continent or an island, or » group of islands, whe- 
ther it. extended southwards or northwards, whether it oc- 
cupied what is now the Atlantic Ocean, or was shaped like 
Europe, and represented the two north-eastern continents, 
we cannot satisfactorily determine. Perhaps the most pro* 
bable opinion is, that an extensive archipelago, like that 
near the eastern shores of Asia, was the remnant of a sink- 
ing tract throughout a great part of the north temperate zone ; 
that portion of that tract, now forming parts of England and 
central Europe, remained thus for a long time in shallow 
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water, the recipients of many deposits ; but that during this 
time the other tracts were too deeply submerged and too 
far from land to receive such additions. 

Whatever the cause may have been, the result, so far as 
concerned the inhabitants both of sea and land, was sufS- 
ciently remarkable. Between the close of the older epoch and 
the commencement of this, which we call the middle, every 
species, both of animal and vegetable, seems to have been, 
almost without exception, changed. All the older forms 
have disappeared ; all the modifications up to that time 
introduced have vanished ; many even of the larger groups 
are so greatly altered, and have become so rare, that they 
also have nearly died out, either from the lapse of time or 
change of condition; and we have thus a new creation, — a 
new world, as it seems, supplying the gap produced by the 
mighty change, whatever it may have been, which closed 
one epoch of the earth's history and commenced a second. 

But next in importance to the fact that this change has 
taken place to so great an extent, is a fact no less certain, 
that some species of one of the principal groups of the higher 
animals — the reptiles — were unquestionably introduced 
before the change took place; and this dawn of reptilian 
existence, observable in the magnesian limestone, gradually 
opens out into the broadest and fullest development of these 
singular animals, without exhibiting any marks of interrup- 
tion, and as if there had been little or no disturbing action. 
Thus we have a link connecting the chain of beings, and 
uniting two conditions so dissimilar that whole families of 
fishes and invertebrated animals were unable to endure 
them ; and this link moreover is one of great importance, 
and, as it might have seemed to us, the one least likely to 
be selected for this purpose. It may ultimately be found 
to have reference to the permanent elevation above the water 
of some portion of the land, while the sea bottom was 
undergoing great change of level. 
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Fig. 44. The sieas of the new red sandstone 

^ period were not favourable to the deve- 

i lopment of the coral animal, but name** 

rous radiated animals existed, of which 

^ the most interesting is that known to 

fossil-collectors by the name of the lily 

encrinite (fig. 44.) 

This animal was one of a singular 
group already described (see p. 47,) 
enclosed within a stony habitation, and 
planted upon a stony but moveable 
column nearly cylindrical, and attached 
at its base to the solid rock. From the 
pouch, which is divided into five parts, 
as many pairs of smaller columns pro- 
ceed, and each of these ten columns 
immediately splits itself into two, so that 
there are twenty moveable arms of no 
great length immediately above the body, 
each of them being provided with a 
number of fingers made up of similar 
(jB,«2r«Ji/^) small stony col^imns admitting of con- 
siderable motion, by means of which 
food could be obtained and conveyed at once to the stomach 

of the animal. It is calculated 
•^* ^^' that nearly thirty thousand 

separate pieces of stone exist 
in the skeleton of this singular 
creature. 

Among the shell-fish of this 
period, which is a kind of tran- 
sition from the earliest to the 
next succeeding one, there are 
few species that require very 
Ceratiti. special notice, although the 
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whole gtoixp taken together is interesting, as showing an 
9ppro3daiation in the general character to that of e2:isting 
seas, without any of the species being identical, and 
with little approach even to existing genera. Among 
the cuttle-fish, and especially those animals of the group 
defended by shelly coyerings, and resembling the nautilus, 
there is a curious example forming a link between the 
goniatite of the mountain limestone, and the ammonite of 
the secondary period. This shell is known as the Ceraiite 
(fig. 45,) and will be alluded to again in describing ibe 
shells of the next group of deposits. 

The fishes of the period we are now considering* while 
they differ from those of earlier date in one point already 
alluded to, are not unlike them in some respects. 'The dif- 
ference consists in the non-prolongation of the back-bone . 
or vertebral column of the fish into the upper part of the 
tail-fin, a condition that obtains with regard to all known 
species, without exception, obtained from the older rocks ; 
while the termination of the vertebral column before the 
tail-fin commences characterises those of newer date. With 
the exception of this difierence, of which it is not easy to 
conjecture the exact meaning, there was considerable ana- 
logy and much general resemblance of structure. 

We may consider the fishes of these rocks as forming 
three principal groups. First, those with powerful crushing 
teeth in the palate, comprising animals which were probably 
for the most part slow swimmers, and feedeiB on the encri- 
nites, crustaceans, and shell-fish, in the shoals and near 
shore; — secondly, those with sharp teeth, of small size, 
encased like the former in boxes of bone coated with ena- 
mel, — the representatives in fact of the sauroid fish, which 
played so important a part in the more ancient seas ; — and, 
thirdly, the great and voracious tribe of sharks, coated merely 
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vfith tough skin, dotted over with points of enamej, and swim- 
ming rapidly and freely in the open seas in search of prey. 
There is nothing of imj^ortance in the earlier forms of the 
two latter groups, and they will be more properly considered 
when we come to the description of the inhabitants of the 
sea during the deposite of the newer rx)cks. Of the peculiar 
apparatus provided for the former, the annexed wood-cut 
(46) will give some idea. It represents the upper jaw of 
one species, with nipping teeth in front, small grinding 
teeth on the sides, and large crushing teeth in the palate. 
The form of this fish is not known. 

Fig. 46. 



Placodus. * 
(Lower Jaw and Teelh.) 

It would certainly be premature, in the existing state of 
our knowledge of fossils, to assume the absence or even the 
great rarity of reptiles during the earliest epoch of the 
earth's history, merely because we have hitherto only found 
in the last formed rocks of that epoch a few traces of rep- 
tilian existence. These indeed are sufficient to indicate the 
presence of a highly organized group of such animals, 
although they are too few and imperfect to give us much 
idea ai their habits, their relative importance, or the extent 
of their distribution. But, judging from analogy and from 
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the extreme prevalence of a group of fishes organized like 
reptiles, and performing the part afterwards taken by several 
species of this latter class, it is hardly too much to assume, 
that the time of greatest development of the reptilian fishes 
preceded that in which the true reptiles themselves abounded. 
At any rate,.it is quite certain that while the remains of rep- 
tiles are so rare in the older rocks, only a very few instances 
of them having as yet been met with, we no sooner enter 
on the examination of the new red sandstone, than we find 
indications of the existence of several remarkable forms. 
These soon increase so rapidly, that by far the most striking 
and characteristic organic remains of the next succeeding 
period are reptilian, proving that such animals were then at 
least, if they had not been before, among the most impor- 
tant of the inhabitants of the sea. 

It is not <an unusual thing, in examining sandstone rocks, 
to find indications not only of an ancient sea bottom, but 
also of that intermediate space between the reach of the 
highest tides and low water which formed the actual sea- 
shore, and was exposed alternately to be trodden on and 
indented by various animals moving over the damp sand, 
and to the influence of the waves of the sea. Among the 
more common indications of this state are the ripple-marks 
often seen on sandstone, and many irregularities of surface, 
apparently produced by the passage of worms, crabs, star- 
fishes, &c. 

Of all the ancient lines of sea-coast that have yet been 
introduced to our notice, there is none more interesting than 
that of the new red sandstone sea, for we find there not only 
marks of worms and the ripple of the water, but almost 
every other marking that can be imagined likely to have 
been made under such circumstances; and among these 
are distinct traces of the passage of numerous four-footed 
animals of many difierent kinds. Every one will remember 
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the astoDishment which Robinson Crusoe is represented to 
have felt at the sight of a human foot-print on the island 
which he thought deserted ; and scarcely less surprising or 
interesting was the first discovery of these indications of 
ahimal existence in a rock so barren of fossils as the new 
red sandstone, and in a formation in which, till then, there 
had been no suspicion of the existence of any animals more 
highly organized than fishes. 

Nothing, however, can be more certain, than that such 
footprints do occur ; and although very little is to be de^ 
termined from the mere form of the extremity, still even 
that little is of the greatest possible interest, when, as in the 
case before us^ it is nearly the whole extent of our informa- 
tion. It is especially interesting to find that the foot-marks 
exhibit indications of some animals entirely difierent from 
those whose actual remains occur in the bed, and of some 
which present only faint and distant analogies with modern 
species, but which are yet made out by studying the pecu- 
liarities indicated in the rarest and most interesting of the 
fossils. 

Of all the reptiles at present found on the earth, the frogs, 
both in their young state as tadpoles, and in many pecu- 
liarities of structure, seem to form the nearest connecting 
Hnk with the fishes ; and since there are few distinct analo- 
gies between recent species of reptiles and either birds or 
quadrupeds, the whole order Reptilia now forms an im- 
perfect and isolated group, better adapted, it has been sug- 
gested, for a planet in an earlier stage of its existence, than 
for one peopled as our earth is at present. 

The secondary, or middle period of the earth's history, 
however, as made known to us by the study of fbssils, may 
be looked upon as the age during which reptiles prepon- 
deYated, and we shall find, amongst the organic remains of 
this period, a great number of forms tending to give con- 
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siderable insight into the plan of creation, with reference to 
this important department of zoology. 

Among the links thus supplied, the fossils of the new red 
sandstone exhibit two animals, each offering some curious 
anomalies of structure, each somewhat highly organized^ 
and while in many remarkable points of structure resem- 
bling one another, each presenting at the same time certain 
characters which connect the great class of reptiles, on one 
hand with birds, by a very unexpected route, and on the 
other with quadrupeds in a manner no less singular. 

Both these animals seem to belong to the lizard tribe of 
reptiles, and one of them, the remains of which have been 
found in England, is called Bhynchosaurus* while the other, 
obtained from the Cape of Good Hope, has received the 
name of Dicywodon.f 

The Bhynchosaurus is known by the skull and several 
bones of the extremities, all of which were found some 
years ago in the Grinsill quarries, near Warwick. Impres- 
sions of the foot-prints of a small animal, probably an indi- 
vidual of the same species, were also found on some slabs 
of sandstone in the same quarry. 

The skull of the Rhynchosaur differs essentially from that 
of any other known lizard, recent or extinct, resembling 
rather the beak of a bird, or that of the hawk's-bill turtle, 
than the head of a lizard, and this resemblance is increased 
by the absence of teeth. The bones of the jaw (see 

* ^vyx^ {rhyncho9^ a beak ; ricv^oc (Mtrrot,) a lizard. 

t ^ (dt«,) twice ; xviccTcvc {cynodtnu^) canine teeUi, (having two canine 
teeth.) I have ventared to assttme that the beds io which the Dicjnodon 
remains are found are of the triassic period. The evidence of saper* 
position, as far as it goes, seems to support the probabUity of this view, 
and is certainly in no point opposed to it» while the peculiarities of struc- 
ture of these remarkable reptilian remains hate suggested such a position 
an the most probable one. (See Geol. Trans., dd ser^ tol. vii. p. 53.) 
9 • r . . . . 
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fig. 47) eoaverge towards the front of tbe mouth, and form 
there a curved bony mandible, probably encased by a homy 
sheath. 

Fig. 47. 



RuTVCMOSkVRVB. 

(Side View of the Skall.) 

The bones of the extremities, found with this skull, indi- 
cate the terrestrial habits of the animal, and exhibit resem- 
blances to the land reptiles of a later period, while the ver- 
tebrae present some interesting deviations from the lizard 
type. 

The DicynodoTij with the same type of skull as the Rbyn- 

Fig. 48. 



I>ICTNODOir. 

(Side View of tkeSkalh) 

chosanr, and in other respects more nearly resembling this 
reptile than any other known animal, exhibits, however. 
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Yerj singular modifications, pointing in one direction towards 
&e poisonous serpents, in another to the carnirorous quad>* 
rupeds, in a third to the tortoises and tiirtks, and in a fourth 
to the crocodiles and lizards. The lower jaw exhibits no 
trace of teeth, but presents a smooth and even edge. The 
upper jaw is short, strong, and truncated, having at the back 
part two deep conical sockets, whence projected a pair of 
long and powerful, slightly curved and sharp-pointed tusks, 
directed downwards and slightly inwards. There is no 
mark whatever of any other kind of teeth, but it is probable 
that the animal used these tusks both as ofiensive znd de- 
fensive weapons, and that its habits were carnivorous. The 
bones of the trunk and extremities have not yet been exa- 
mined, but, from the structure of the vertebcee it is probable 
that the Dicynodon was at least partly aquajtic. 

Besides the foot-prints of small animals, probably like 
those little Lacertians already described,, and many others 
which bear strong resemblance to thpse of tortoises and 
turtles, there are yet other impressions in many parts of the 
new red sandstone, some of them of very singular appear- 
ance. Among these are two groups, one apparently of birds, 
often of gigantic proportions, and the other exhibiting a 
foot-print like an expanded hand, also very large in some 
bases, and belonging to an animal of which it was for a 
long time impossible even to guess the true. nature. The 
marks of birds have been found chiefly in America.* but 
are abundant and very strongly marked ; so that,* although 
no other indications whatever of these animals have yet 
been brought to light, it is impossible not 'to admit that they 
must then have existed. 

The large five*toed foot-marks impressed on several beds 

* It is onlj ^ery recently that markings of the same kind have been 
Observedf by Mr. Cunningham, on the surface of slabs in the new red 
sandstone quarries of Storton, near Li?erpooL 
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Fig. 49. 




of marly sandstone in various parts of England and Europe, 
more especially in Cheshire, in the tongue of land between 
the Mersey and the Dee, and at Hildburhausen in Saxony, 
bear so singular a resemblance to the human hand, that the 
unknown animal, to whose march over the 
ancient sea-shore they are owing, was long 
/v^N designated as the C/iirotherium.* The 
\ Iw di'ocosions of these marks are various,t 
Ql^lJir but the prints of the hind feet are always 
much larger than those of the fore feet, in 
some cases four times as large, while the 
distance between the impressions of the 
fore and hind foot is often not more than 
an inch or two, even in the larger speci- 
mens, thus indicating a very great ine- 
quality in the length as well as magnitude 
of the two extremities. Beyond the facts 
thus made known by the form and pro- 
portions, and the relative as well as actual 
size of the foot-prints, there was no evidence whatever 
for a long time concerning the animal that had produced 
them. 

At length, however, teeth and other bones were also dis- 
covered in the quarries of new red sandstone, and these 
were referred by their first discoverer to supposed crocodilian 
animals of considerable size. The more careful examina- 
tion of these and other fossils by Professor Owen has greatly 
tended to throw light on the singular footsteps of the so-called 
Chiroiheriumy since they prove the existence of a reptilian 
genus, several species of which have been already deter- 

* X«{ (cAetr,) hand ; 6»{ioy (lAcrton), a wild beast 

t In tome of the specimeni moat remarkable for lixe, the length of th® 
larger impreasion is upwards of twelve inches, the smaller one being about 
foar inches long. 



Footmarks. 
{Chirotherium.) 
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mined, and y^hich would seem to have possessed extremities 
capable of impressing those foot-marks, and certainly in- 
habiting the sea-shore in the place and at the time of their 
formation : this animal is now called Labyrinthodm* 

The result of the investigations terminating in the esta- 
blishment of this genus seems to be, that the animals re- 
ferred to it were intimately related to the salamander and 
the frog, belonging to the same order of Batrachian reptiles. 
But they exhibited peculiarities of structure connecting this 
tribe with the crocodiles, although the modifications of the 
jaws and palate, the arrangement of the teeth, and the dis- 
proportionate size of the hinder extremities, point to the 
frog as the nearest analogue by many striking anatomical 
peculiarities. 

The Labyrinthodon must indeed be placed at the head 
of the Batrachian order ; for, in dimensions and in general 
organization, it was far the most important animal of the 
whole group. The upper surface of the skull was broad, 
and flattened like that of the alligator, and its outer surface 

Fig' 50. 



Labtrinthodon. 
(Left Bide of Lower Jaw with Teeth.) 

was deeply sculptured. The jaws were powerful, and armed 
with sharp teeth, the number of which was very great (pro- 
bably upwards of a hundred on each side of each jaw. The 

• Ai*l^»B<K {labynnOuB,) a Ubj^rinlh ; p^ut iodw$), a tooth : m called 
from the complex or labyrinthine structure of a section of the tooth, as 
seen under the microscope. 
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teeth diminished in SHze towards both ends, but especially 
towards the muzzle, where, however, there were also much 
larger teeth, like tusks, reminding one in this arrangement of 
what is seen in the crocodiles. 

The skin in at least one species seems to hkve been 
covered with bony plates. The aK>de of respiration, and 
hence, probably, the shape and use of the ribs, offered a 
still further approximation to the higher reptiles; but still, 
ia many essential points, the Batrachian character is clearly 
to be traced, while the shape and general structure of the 
vertebrae points rather to the lower organization of fishes. 

But the extremities offer the most interesting subject for 
consideration. They are partly crocodilian, and partly Ba* 
trachian. Some idea may be formed, both of their dimensions 
and of the general dimensions of the body, from the feet, that 
one fragment of a lower jaw, between nine and ten inches in 
length, corresponds to the same part in a crocodile six or seven 
feet long ; while fragments of bones of the hinder extremity, 
probably belonging to an animal of the same species, if not 
to the same individual, are as large as those of a crocodile 
thirty feet long. If these bones really belonged to the same 
individual, the hinder extremities, however disproportionate 
according to the type of crocodilian structure, would not be 
excessive if they belonged to an animal having frog-like 
proportions. The actual size and shape, and the general 
appearance of the animal, are, however, still doubtful. 

The evidence with regard to the animal of the footsteps 
(the Chirotherium) stands thus. We find in the new red 
sandstone certain feot-prints indicating a creature remarka- 
ble for the di^roportionate magnitude of its hinder extremi- 
ties, and also for the very singular shape of the foot. In 
beds of the same age, and in the same quarries, almost the 
only fossil bones found are those of a Batrachian or frog-like 
reptile (Labyrinthodon,) whose dimensions and proportions 
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were sufficient, it would seem, to allow of its making fooi» 
marks corresponding with these in the most essential cha^ 
raeter. It can: hardly be considered unreasonable to* con^ 
dude that the Chirotherium and the Labyrinthodon are one 
and the same animal. 

The reptiles of the new red sandstones, besides thlose 
alreac^ enumerated, comprise another crocodilian genus*; 
and if we msaLj judge finm foot-prints, tbej also include 
several turtles of Tarious dimensaon&. These were proba^ 
bly the inhabitants of islands in a sea in which considera* 
ble deposits of mud and sand were constantly forming, and 
rapidly accumulating over the edges of the dislocated strata 
of older date. Perhaps, too, at this time there were ocea*^ 
sional but considerable outbursts of volcanic matter from 
beneath the sea, helping to elaborate those remarkaUe beds 
of. gypsum and rock-salt abundant in our own country in 
the beds of this age. During the whole of the deposits 
there would appear to have existed a tract of land to the 
east of England, chiefly between France and Germany ; and 
this must have been somewhat extensive. From it were 
obtained many fragments of trees and plants, although rarely 
in sufficient abundance to form even thin seams of coaL 
The plants were unlike those of the carboniferous period^ 
and they belong chiefly to the tribe of which the Zamm is( 
now ah important and diaracteristic type. 

We may then imagine a wide, low, sandy tract by the «•». 
side, the hills and cliff's of limestone which still rise boldly on 
the shores of the Avon, and in Derbyshire and Yorkshire^ 
having then been recently elevated and forming a fringe to 
the coast line. In some places, as in parts of Cheshire; 
between. the Dee and the Mersey, m some parts of War- 
wickshire, and elsewhere where foot-prints have been left, 
slight oscillations of level were probably going on, and the 
line of coast was occasionally shifting. The sandjF flats 



Digitized by CjOOQ IC 



136 PICTURESQUE SKETCHES 

thus laid bare, and not reached by the ordinary level of 
high \¥ater, were of course traversed by the ancient animals 
of that period ; but only a few faint records of them have 
been handed down for our observation, owing to the unih- 
rourable nature of the sandstone for preserving organic re* 
mains. Amongst these, however, we are able to enumerate 
turtles and tortoises, a little lizard having a birdJike beak 
and probably bird's feet, birds themselves, some larger than 
an ostrich, others as small as our smaller waders ; and ii| 
some parts of the world large reptiles with powerful tusks, 
not surpassed in the extent of their departure from the ordi- 
nary structure of reptiles by any known aberrant forms of 
that strange and varied tribe. 

Amongst the most striking of these objects, at least on 
our own shores, would be the numerous and gigantic laby- 
riftthodons. We may imagine one of these animals, as large 
as a rhinoceros, pacing leisurely over the sands leaving deep 
imprints of its heavy elephantine hind foot, strangely con- 
trasting with the diminutive step of its short fore extremities. 
Another, a smaller variety, provided like the kangaroo, not 
only with powerful hind legs but also with a strong tail, also 
leaves its impress stamped upon the sand, although itself, 
perhaps, soon fell a victim to the voracity of its larger con- 
gener.* These and others of their kind, passing over the 
sands and marking there the form of their expanded feet, 
marched onwards in their course, fulfilled their part in na- 
ture, and then disappeared for ever from the earth, leaving, 
it would seem, in some cases, no fragment of bone, and no 
other indication of their shape or size than this obscure in- 
timation of their existence* 

It is strange that in a thin bed of fine clay, occurring be- 

* la some catra we find, oorresponding to a set of fbotmarkf a oonti- 
nnoqa furrow, pretnmed to be the impreeaion of a tail dragged along the 
•and by the animal while walking. 
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tween two masses of sandstone, we should thus have con- 
yincing but unexpected evidence preserved concerning 
some of the earth's inhabitants at this early period. The 
ripple mark, the worm track, the scratching of a small crab 
on the sand, and even the impression of the rain drop, so 
distinct as to indicate the direction of the wind at the time 
of the shower, these, and the foot-prints of the bird and the 
reptile, are all stereotyped, and offer an evidence which no 
ailment can gainsay, no prejudice resist, concerning the 
natural history of a very ancient period of the earth's his- 
tory. But the waves that made that ripple mark have long 
ceased to wash those shores, — for ages has the surface then 
exposed been concealed under great thicknesses of strata, 
—the worm and the crab have left no solid fragment to 
speak to their form or structure, — the bird has left no bone 
that has yet been discovered, — the fragments of the reptile 
are small, imperfect, and extremely rare. Still enough is 
known to determine the fact, and that fact is the more inte- 
resting and valuable from the very circumstances under 
which it is presented. 

The result of an examination of the actual fossils of the 
new red sandstone of England offers little that is positive or 
definite, but when combined with these imprints found on 
the ancient shores, and with the fossils of beds of the same 
age on the Continent, it becomes more satisfactory. We 
may with great reason assume the existence of land, and 
can even partly trace its ancient boundary not far from the 
western coast of our island; but in what direction it ex- 
tended, how far it reached, what^was its nature, whether it 
was a continent or an island, or a succession of islands, and 
such like queries, are not at present capable of being an- 
swered. Neither do we learn much more definitely the 
general character of the animalf and vegetables that were 
indigenous. A few fragments of fossil wood found in Eng- 
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land are evidence of the fact that the land was partly 
clothed with large pine-like trees; and a few casts of shdls 
show that its shores were peopled with some species of 
moUusca. Elsewhere, when the conditions hare been 
more favourable for the deposition and preservation of or* 
ganic remains, as in some districts on the Continent, we 
find still a comparative poverty. Plants, indeed, abound, 
and exhibit characters unlike those of the coal period ; a 
bed of limestone (the Muschelkalk) contains numerous 
shells, and the remains of fishes and reptiles ; but, on the 
whole, the general features remain obscure. It would al- 
most seem that at this time, and in most districts which we 
can examine, there had been a destruction of the previous 
species, and that a sufficient time had not yet elapsed for 
the newly-introduced groups to spread over the earth and 
seas. However this may be, we cannot doubt the fact that 
there had been great and sudden changes, whether these 
were or were not connected with fm interruption of the 
order of succession, and with the termination of one geo- 
logical period, and the commencement of a second. The 
new red sandstone afibrds material for a distinct chapter in 
the earth's history, and though it is certainly a chapter con- 
taining less detail and fewer points for minute description 
than many others, it does not fail to suggest important 
generalizations. 
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CHAPTER VIII. 

TBE MARINE REPTILES, AND OTHER ANIMALS CHARACTERISTIC 
OF THE LIAS. 

The deposit of sand and marly beds, iwhicfa must have 
been steadily continued for a long 'time over extensiTe 
tracts at the commencement of the secondary period, seems 
to have gradually changed to a finer, more calcareous, and 
less sandy mud thrown down from suspension in water, 
perhaps after it had been carried for some distance by ma* 
rine currents. This deposit of mud was local, since, so far 
as we can tell by examining the tracts now above water, it 
was almost confined to a part of England and a narrow 
tract in the middle of Europe, though it has been thought 
traceable in the middle of Asia, and is possibly represented 
in a small part of South America. The bed is sometimes 
more or less sandy or calcareous; but we know of few 
contemporaneous deposits; and where the muddy beds 
do not appear, there is often nothing intermediate between 
the new red sandstone and the newest beds of the middle 
epoch. 

The most distinct beds of passage between the new red 
sandstone and this next superior stratum, (ifrhich is called 
liasj) are certain deposits at Aust Clifi*, at the mouth of the 
Severn, where there is a thin bed absolutely made up of 
organic remains. There are also others on the continent 
of Europe, in the south of Belgium, near Luxemburg, In 
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these cases the first and most important indications of change 
are seen in the increased proportion of argillaceous matter, 
accompanied often by carbonate of lime. The character of 
a calcareous clay, sometimes passing into a muddy limestone, 
may be traced in most of the varieties of this formation. 

The lias* is every where singularly rich in the remains of 
organic existence ; these remains extending through almost 
all the tribes of marine animals; and including, though 
rarely, fragments of wood and other vegetable bodies. No 
conclusion, indeed, can be drawn as to the nearness or dis- 
tance of the land whence these fragments floated, for they 
are often covered with marine animals ; but since, as will 
be seen, it is not unlikely that many of the monsters of the 
deep at this time repaired to the shallows, or even to the 
shore, to deposit their eggs, we may, perhaps, be allowed 
to conjecture that the land was not far distant from the spots 
now occupied by these strata. 

The muddy liassic beds deposited after the sandstones 
described in the previous chapter, although they contained 
a considerable proportion of carbonate of lime, were not in 
a condition favourable for the development of coralline 
existence, and the remains of such animals are accordingly 
rare. This is not the case, however, with the closely allied 
group of Zoophytes known as the Criruridea ; for they, on 
the other hand, were singularly abundant, and were mani* 
festly an important group, perhaps assisting to clear the 
seas of an undue proportion of the minuter particles of de- 
caying animal matter. The most singular of all these is 
the Peit^acfint^e, an animal so complicated that the number 
of separate pieces of stone of which its singular skeleton is 
made up has been calculated to amount to not less than one 
hundred and fifty thousand. Like the other encrinites (see 

* So named probably firom the appearance of the bed in riband.like 
iaytrM of different colours observed in some parts of £ngland» 
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fig. 44, p. 124.) it was provided with a long and powerful 
but moveable column, made up of a vast multitude of 
lozenge-shaped pieces (see fig. 51,) each marked with 
a curious set of indentations, and each pierced with 
a central aperture (52,) by 



Fig. 51 



Fig. 52 




Pkntacrinitk. 

(Detaebed Piece and Section of the Stem ) 



means of which a communis 
catio4 was kept upr during 
life, enabling the animal pro- 
bably to attach itself to some 
marine substance, or a float- 
ing log of wood. In the 
Pentacrinite the stem (51, 52) 
was fi\'e-sided, and the body 
was partly defended by a 
small cup formed of regular plates rising from the column, 
and partly enclosed by a multitude of very minute and 
angular plates fixed on a tough membranous pouch termi- 
nating with an extensile proboscis. The body was sur- 
rounded also by an incredible multitude of branching arms, 
forming a complicated stony net-work, intended to inter- 
cept and convey to the stomach the particles of food fit for 
the animal, which were floating in the water within reach. 
Many specimens of this fossil are often found together, 
attached, it would seem, to what was once under surface 
of decayed wood drifting through the water. 

Several varieties of star-fishes, and some curious forms 
not unlike certain recent crustaceans, were. among the 
common tenants of the lias ; and they were accompanied 
by a hrge number of animals inhabiting shells of various 
kinds, most of them very diflerent from those known at 
present. Among these are both bivalves and univalves, 
the former including a good number of the Brachiopoda 
already referred to, and belonging to groups, such as Tere* 
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bratula, still represented. Tlie univalves, besides a con- 
siderable number having near relations with those of existing 
seas, inclade also a very large and important group, highly 
characteristic of the secondary period, and now absolutely 
extinct. I allude to the so-called Ammamies^ the nearest 
analogue of which is the Nautilus, an animal most of whose 
peculiarities of structure are now known, although much 
has still to be learnt with regard to its habits. This animal 
(the nautilus) i^ almost our only guide in working out the 
various interesting points connected with the extinct but 
nearly allied group of which the ammonite is in some re- 
spects the most perfect type. 

Reference has already been made, in speaking of the 
extinct forms of an earlier period, to the peculiar groups of 
cephalopodous animals whose remains are met with, in the 
older rocks. Of these animals there are two well-marked 
groups represented at the present day, the one by the nau- 
tilus, and the other by the cuttle-fish. Of these, the former 
(see fig. 83) inhabits a univalve shell, divided into com- 
partments by a kind of internal framework ; but the latter is 

unprovided with any external 
Fig. 53. .defence and only has an im- 

perfect skeleton, known in the 
common cuttle-fish as the hone. 
Of these two groups the former 
was abundantly present in the 
ancient seas, as we know by 
the fragments that remain of 
Nautilus. its solid stony habitation. The 

latter may or may not have 
been equally abundant, since from the nature bf the case 
its remains could not be so frequently or so well preserved ; 
bat we know that various species referrible to it existed 
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dirougboat the secondary period, and Aat one genus at 
least, now extinct, was then extremely common. 

The nautilus is a remarkable and a very interesting genus, 
belonging to the most highly organized, not only of shell- 
bearing animals, but of all Invertebrata, and even exceeding 
some of the fishes in this respect. 

It is one of the group of Cephalopoda^ or animals whose 
organs of locomotion are attached immediately around and 
upon the rim of the mouth or head. The fore part of the* 
body forms a strong and wide sheath, each side of which 
produces a group of conical processes pierced with openings, 
through which prehensile organs or feelers are, at the will 
of the animal, projected or retracted. The sheath forming 
the base of these organs, which are used both for locomo- 
tion and prehension, is also a pouch, in which is contained 
the mouth and the eyes ; and is, in fact, the head, containing 
what may be regarded as a true brain. The rest of the 
animal is immediately contiguous, and includes the stomach 
and other organs ; and all the soft parts are enclosed in what 
is called a mantle or sac, a thick muscular skin, which 
keeps them together in their places and enables them to 
act in concert, but offers no defence against an external 
enemy. 

The animal of the nautilus, thus constructed, having coa* 
siderable powers of locomotion and a complex organization, 
was enclosed in a stony habitation somewhat resembling 
many common univalve shells. But such an appendage 
adds cotisiderably to the specific gravity of the whole mass 
which, even without it, could hardly be lighter than water ; 
and with it, unless by some special contrivance, would for 
ever remain at the bottom of the sea. The contrivance is 
a very simple one, and consists merely in a provision by 

* See ante^ p. 54. and p. 102. 
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¥7bich, as the animal grows in size, it from time to time 
builds oflf a cup-shaped wall upon the sod rounded surface 
of the hinder part ot the body, leaving as it goes a space 
behind it, which is occupied only by air or some gaseous 
substance, and acts as a float. 

Proceeding in this way, and building a succession of these 
walls, there is ultimately formed what is called a chambered 
shell ; and all the chambers but the outer one, (that con- 
taining the animal,) being filled with air, are in a condition 
to support the body and shell in the water without sinking. 
A communication is kept up between the sac enclosing the 
heart (the pericardium) and the various chambers by a tube 
passing through all the walls in succession ; and it has been 
supposed, although it is by no means proved, that this tube 
permits of a change being effected in the specific gravity of 
the animal, by forcing in a small quantity of fluid in addition 
to that which the tube generally contains. 

The nautilus is a genus which has been almost universally 
distributed both in time and space, having been introduced 
at a very early period, existing apparently in all parts of the 
ancient seas, and continued in some shape or other even 
up to the present day. The Cephalopoda, as a group, 
are, however, chiefly characteristic of the first and middle 
epochs; and one form wa^ greatly developed during the 
early portion of the period we are now considering. The 
genus JlmmaniteSj the one here alluded to, may therefore 
be properly described when speaking of the lias fauna. 
There are, however, certain subdivisions of the genus as it 
iiojv stands, which appear confined to beds of a certain 
age ; and the annexed figure represents a group peculiar 
to the older part of the secondary epoch. 

In the true ammonite the shell is spiral, and coiled on 
itself in one plane^ the whorls at least touching, and notun* 
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frequently enclosing one another. It Fig. 54. 

difiers from the nautilus in sevj^ral 
respects, namely, (1) in the substance , 
of the shell itself, which is generally, 
though not invariably, inuch thinner 
than in the latter genus ; (2) in the 
form of the aperture and the relative 
proportion of the last or outer cham- 
ber ; (3) in being frequently covered 
with numerous bosses, tubercles, ribs a - ^ « t 

, , . . , . , , AMMONITfi Ot THE LlAS. 

and other projections, which greatly (G^^^p Fakiferi.) 
ornament the shell, and of whose use 
we shall presently speak ; (4) in the nature of the wall of 
separation between each two adjacent chambers; and (5) 
in the position of the siphuncle or tube communicating with 
the various chambers^ 

The shell of the ammonite is usually thin, the outer 
chamber extends for about two-thirds or more of an entire 
whorl, aflfording a considerable space for the animal to in- 
habit ; and the external aperture is often provided with very 
singular projections, or is swelled out, afibrding in all pro- 
bability, a means of attachment, by which the animal was 
safely enclosed within its shell. But as this part seems to 
have been generally thin and fragile, it is rarely preserved 
in ordinary specimens. 

To make up, perhaps, for the thinness of the sh^ll, and to 
give additional strength without greatly increasing the weight, 
most of the different species of ammonites are ribbed and 
covered with tubercles, which, if we look upon the shell 
simply as a mechanical contrivance for defending a soft 
animal, and consisting of a continuous arch coiled round 
itself, served the purposes of transverse arches and domes. 
The external surftice was greatly strengthened by such an 
arrangement, and the nature of the strength thus commu- 
10 
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nicated it is not difficult to understand. The introduction of 
the ribs, which were distributed over the surface of the 
shell' transversely, corresponds to the introduction of fluted 
metal instead of a plane surface, often made use of in ma- 
chinery when it is wished to combine the greatest resisting 
power with the smallest weight of material. Additional 
strength is also gained by the bosses or elevations of part of 
the ribbed surface into dome-shaped tubercles ; for these, 
like the vaultings in architecture, give strength to the sur- 
face to be supported, and are therefore usually placed at 
those parts of the external shell beneath which there is nO 
immediate support from the internal walls which separate 
the chambers from one another. 

It is, however, chiefly in the arrangement 
and constiuotion of these walls of separation 
(fig. 55,) that mechanical contrivance seems 
carried to its height in the shell of the ammo- 
nite; but here, also, the contrivance is ex- 
ceedingly simple, and merely consists in 
BgnvM causing the extremities of the walls, where they 
pr chamber.waii joeet the shell, to deviate into a variety of ra- 
AKKOMin. mifications and undulating lines. This is sin- 
gularly shown in the progressive change by 
which tlie J^TautUus (fig. 53, p. 142,) where these lines 
of intersection are nearly straight, is succeeded by the C/yt 
meniaj where they are decidedly curved ; then by the Go- 
niaHie (fig. 40. p. 103^) where they become angular ; then 
again by the Caratiie (fig, 45, p. 124,) where they are 
rounded and exhibit a tendency to undulations ; and lastly 
by the Ammonite^ in many species of which** the sinuous 
windings of these sutures, at their union with the external 

* See figf.. 10S» 104, irhere are represented doeelj allied fiuin^, in 
which the nature of the Intecseotton does not differ from that obecrTed io 
the moet typical ammonites. 
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shelly are singalarly complicated and beautiful, adorning. 
\t -with a succession of most graceful forms, resembling 
festoons of foliage and elegant embroidery; so that when, 
as is often the case, these thin septa are converted into iron 
pyrites, their edges appear like golden filigrane-work, mean-^ 
dering amid the pellucid spar that fills the chambers of the 
*ell.* 

The mechanical advantage of this contrivance is consi*^ 
derable, and arises from there being many more points sup-^ 
ported in the case of a wall of this kind, than by a plain 
surface, the cause of which will readily be seen in the wood*^ 
cut annexed (fig. 55.) The main object of the empty 
chambers in all animals that possess them, is to serve as 
floats buoying up the animal and its shell, and reducing the 
specific gravity of the whole mass to that of water ; and the 
vacant space in the shell answering the purpose of a floaty 
must be divided into closed compartments, because it i& 
built at successive times as the animal grows and requires 
additional support. 

The position of the siphuncle — as the tube running through 
the whole series of chambers is called-^is another and not 
unimportant peculiarity in the ammonite. In the case oC 
the nautilus this tube is of tolerably large size — often thicker^ 
than a quill — and it passes through the middle of the septa 
or walls into the pericardium of the animal. In the ammo* 
nite (fig. 55, s) it is often exceedingly small, and always 
situated quite on the outside of the shell. Whatever may 
be the use of the siphuncle tn the nautilus, and that use is 
by no means cleariy determined, there is no proof that it 
could have assisted to raise or sink the animal in the water 
in the case of the ammionite. 

The oephalopods we have hitherto considered form a 

• BiMldancl*a Bridg. Tr.» vol. i. p. 347. 
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group difiering from the common cuttle-fish in some impor- 
tant anatomical characters, and having an external shell into 
which they could retire. They also differed in the absence 
of any defensive contrivance like that possessed by the cuttle- 
fish, which is known to emit an inky fluid in order to escape 
from its enemies. It is probable that all those species pro- 
vided with chambered shells belonged, like the nautilus, to 
the less highly organized division of the Cephalopoda, the 
animals of this group, as is the case with the other shell- 
clad mollusca, being generally too well protected to need any 
means of temporary concealment. They were doubtless 
able to shelter themselves completely within their houses of 
stone ; and it is not unlikely that the very act of retirement 
into its shell would tend to sink the animal, by diminishing 
the quantity of surface exposed to the water. 

But there exists another group of cephalopods besides 
those provided with shells, and comprising animals of 
higher organization ; obeying in this respect the law which 
I have already had occasion to notice, that animals having 
defensive armour are, on the whole, not so high in the scale 
of beings as those which resemble them in other points of 
structure, but whose bodies are naked and apparently more 
exposed to danger. 

That division of the Cephalopoda which approximates 
most nearly to the Vertebrata comprises several fsimilies, of 
one of which the common cuttle-fish is an example. Ano-; 
ther form, still more remarkable, is met with in a fossil state, 
and includes a vast number of species strictly confined, like 
the true ammonites, to the secondary period. It is known 
by the name of Belemnites* ?jid is a most characteristic and 
abundant genus. 

The cuttle-fish has been already described as possessing 

* Bixi^rev (6e2efnnon,) a dart. 
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a kind of calcareous skeleton, so ingeniously contrivedy 
{being formed of numerous stages of thin calcareous plates, 
kept apart from one another by the interposition of millions 
of microscopic pillars,) as to serve as a float instead of im- 
peding the motions of the animal. Rendered in this way 
as light as the water in which it dwells, the animal moves 
rapidly along, either backwards by forcing water through a 
tube, or forwards by the aid of a long pair of flat, broad 
tentacles, projecting beyond the eight arms which surround 
its head. At the approach of danger it is enabled to sink 
suddenly ; and at the same time it throws out, from a singu* 
lar receptacle called an ink-bag, a quantity of dark-coloured 
fluid, in the obscurity caused by which it is better able to 
escape from its enemies. 

; The belemnite has been long known as a solid calcareous 
fossil, of a conical shape, more or less elongated ; and it 
was also known, that, while the pointed end of this fossil 
was solid, the other extremity enclosed a number of plates 
like watch-glasses, fitting into a conical hollow. Speci- 
mens too had' been found, especially in the lias, where a 
considerable portion of thin horny sheath extended beyond 
the ordinary termination of the shell, and beyond the coni- 
cal receptacle of .the plates. The belemnite, in fact, was 
known to consist of a chambered shell, like the Orthocera- 
tite, contained in another shell of curious structure, and 
had been supposed to belong to an animal like the nautilus. 
The first evidence by which any direct light was thrown 
on the nature of the animal provided with this shell, was 
detected by Dr. Buckland and M. Agassiz, who examined 
some specimens of belemnite, in which a fossil ink*bag, 
and the duct or pen by which the ink was shot out into the 
water, was preserved in the outer chamber of the shell. It 
must be remembered that the ink-bag has not been found 
in any specimen of ammonite or nautilus, and is apparently 
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a necessary adjunct to the naked cephalopods of high or* 
ganization ; so that, on this discovery of its presence in the 
belemnite, it became probabk that the shell bad been 
internal, and that the animal belonged to the group of mon^ 
highly organized Cephalopoda, and not that in yrhieh the 
nautilus and ammonite vrete classed. 

After this discovery of the ink-bag, it seemed that little 
more could be expected in the way of detennimng the 
habit of the belemnite, tili it was also made out from sped- 
mens in foreign beds that the animal must have extended 
considerably beyond the shell. Fortunately, however, in 
sopie specimens recently obtained,* not only the ink-bag, 
but the muscular mantle, the head, and its crown of arms, 
are all preserved in connexion with the belemnitie sheQ, 
while one specimen exhibits the large eyes and the funnel 
of the animal, and the remains of two fins, in addition to 
the shell and the ink-bag. We are thus furnished with 
distinct proof of the true nature and analogies of this singu- 
lar creature, and we learn from ocular evidence that it 
combined the characters at present divided between three 
distinct genera. It possessed a calcareous, internal,^. cham- 
bered shell, like the Sepia; it was provided with a formida- 
ble apparatus of hooks upon the arms, characteristic of the 
modern genus Onychoteuthis (the most powerful and rapa- 
cious of the cuttle-fish tribe, and the one provided with the 
most singularly powerful and complicated contrivances to 
ensure the destruction of its prey ;) and, thirdly, it had the 
peculiar attachment of the fins, in a position a little in 
advance of the middle of the body, seen in the Sepiola. 

The belemnite, having the advantage of a dense but well- 

* These specimeiifl are fiom the'Ozfi)fd day, aad tbe aoiraal and il» 
shell will be a^n alluded to and figured when treating of the feesils of 
the Oolitic period. It is referred to here as being^ a eommon lias fossil^ 
and as one of the early and most remarkable associates of the ammonite. 
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balaDced internal shell, must have exercised the powelr of 
swifflmiog backi^ards and forwards with great vigour and 
precision. Its position no doubt was generally vertical ; it 
would rise swiftly and stealthily to fix its claws in the belly 
(^ a fish, and then perhaps as swi{Uy dart down to the bot- 
tom and devour it On the approach of danger, it could 
suddenly shoot out its black inky fluid, and hide itself from 
an enemy ; and whether we consider the large dimensions 
it attained, its muscular energy, its singular contrivance of 
books in connexion with powerful suckers, its powers of 
locomotion, or its facility of concealment, it must have been 
the most formidable and predaceous animal of its class, and 
has probably never been excelled in strength or vigour by 
any of the Invertebrata. 

The ammonites and belemnites are both so characteristic 
of the lias, and so remarkable in themselves, that they 
claimed some detailed description in an account of the 
various groups of animals of that period, no longer existbg 
upon the earth. They seem to have chiefly abounded, or 
at any rate are most commonly preserved, in those beds of 
the secondary epoch which indicate a moderately deep sea 
with a muddy tmttom, and their remains are then so abun- 
dant, as to form in some cases complete strata of themselves. 
They may indeed be said to equal in nutnber the Orthoce- 
ratite remains in the older rocks ; but the ammonites were 
in reality the representatives of these straight but external 
shells, the belemnites being superadded and of higher or- 
ganization. 

Besides the fragments of shells, and other remains of 
lAvertebrated animals already described, we find also in the 
lias a very abundant supply of Ichthyolites,* or fossil re- 
mains of fishes of, various kinds, the most abundant of them 

* X;t^vf {iehthyi^ a fish ; Xidoc {1Uho$f unde. lite,) a stone. The termina- 
tion Ute is constanUy made use of in Geology to indicate a fossU body. 
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belonging either to a peculiar family of sharks, or to tribes 
characterized by their coating of enamelled scale and bone, 
and the entire absence of true skin. Of the former of thesis 
fishes we only find the teeth and the remains of peculiar 
spines.* {IchthyodaruliteSy fig. 56) which had been attached 

beneath {he skin in the 
^' 5^ flesh ; so that there are 

no very certain grounds 
by which we can de- 
duce the details of struc- 
ture, or even the form 
of the species, and the 
general dimensions to 
which it attained. But 
IcTHYODOBULiTE. thc spiucs just alludcd 

to are very interesting 
fossOs, and require further description, since remains of this 
kind are exceedingly numerous and varied, and their use 
is known to us from the examination of a shark confined at 
present to the seas which wash the shores of Australia. 

In this animal, which is called the '^ Port Jackson Shark," 
the general form of the tribe to which it belongs, the posi- 
tion of the mouth on the under side of the body, the habit 
of extreme voracity, &c., are all retained ; and in order, as 
it would seem, that it may possess an unusual facility in 
turning itself in the water to take its prey, (which can only 
be done when the mouth is uppermost, and the body there- 
fore inverted) there is added to the ordinary apparatus of 
fins, a moveable one on the back, of considerable dimen- 
sions, worked by a spine^-a kind of mast — which is inserted 
simply, but deeply, through the skin into the flesh, and is 
elevated when necessary by a muscular effort. When this 

* See ante, p. 107. 
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spine is elevated, it lifts with it the fin, and instantly begins 
to act, assisting and rendering more rapid the turning of the 
xvhole fish. It is a curioas fact, that the structure of th^^ 
spines, as seen under the microscope, is hardly to be dis- 
tinguished from that of teeth ; and in this way, an almost 
anomalous contrivance, introduced, doubtless, for a special 
purpose, is found to resemble a totally different organ, 
adapted for purposes altogether distinct and peculiar. The 
spines may also have served as defensive weapons, but are 
not likely to have any thing to do with ordinary locomotion. 
They produce a sudden and considerable impulse corre- 
sponding to the great muscular energy of these creatures, 
and prevent the delay that would necessarily arise if the 
animal had to check its motion through the water while 
pursuing and when in the act of capturing its prey. Spines 
on the backs of sharks are not confined to one genus, but 
seem to have been common appendages to the dorsal fins 
of most of the ancient species. Being hard, indestructible, 
and readily detached after death, they have often been pre- 
served in a fossil state ; and from their variable markings, 
deep furrows, and hooked teeth, we are able to determine 
a large number of species of these long extinct animals. 
Unfortunately, since the teeth — almost the only other hard 
part of sharks — are not found directly associated with the 
spines, we may probably often describe and name the same 
species twice over, especially when the specimens are from 
the same strata, since we are not in a condition to deter- 
mine the relation that may have existed between the two 
kinds of organic remains. The sharks of the lias attained 
a large size, and were exceedingly abundant and vora- 
cious. 

The other fishes of the lias, most remarkable for their 
number or peculiarity of form, are of much smaller size, 
and belonging to another order. They are also so com- 
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pletely enclosed in coats of mail, that their perfect form h 
handed down as frequently as the teeth and spines of the 
others. A fish called DapediuSy* from the regular manner 
in which the large scales are arranged, like a pared surfocd, 
on the back, is exceedingly common in the lias in some 
parts of England, and must hare been rery abundant. It 
had a wide, flat, and broad body, corered with large, regu- 
lar, and nearly square scales, coated with enamel, and a 
regularly formed tail, of which the scales were oblong ; but 
one of its most striking peculiarities consisted in the form 
of the bones of the head, the jaws being short, and the 
lower one broad, and almost as high as long, while its fore 
part was depressed towards the middle, to receire the upper 
jaw. These and the other bones of the mouth, and the 

' whole of the palate, were thickly corered with many suc- 
cesstre rows of teeth, gradually becoming smaller as they 

% receded within the carity of the mouth. All the external 
bones of the head were thickly coated with hard and bright 
enamel strongly marked with granulations. These bones 
were quite naked, neither flesh nor skin being needed for a 
surface so defended. 

Besides a large number of species of this and a closely 
allied genus {TetragonolepiSy)\ there were many others also 
prorided with enamelled scales, and a good number of 
representatires of the family of sauroid fish, although the 
latter did not attain the magnitude or importance that they 
possessed in the more ancient seas. The PachycormiiSyX 
howerer, of which there are at least nine* species found in 
England (chiefly at Whitby,) must in some cases hare been 

* A*fnih¥ {dapedon,) a pavement ) 

. t From the shape of the scales : m^*ywo{ (ietragimoi,) qaadrangolar ; 
Xfiric iUpU^) a scale. 

X n0t;^tfc ipaehys,) thick ; »o^/uoc (kormos,) a block or stump : from the 
clumsy appearance of the fish. 
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a niost fonnidable animal for it grew to a considerable size^ 
aiid was provided with powerful rows of sharp teeth ; while 
•the Lepidotus, belonging to another group, was represented 
by ten lias species, and a still greater number of oolitic ones, 
and, although not so large as the Pachycormus, was doubt- 
less an important fish. A restored representation of the 
latter genus is given in the next chapter. 

Among the other lias fishes, there were one or two very 
remarkable Rays^ one of them supposed to have possessed 
some curious analogies with the sharks: these are of mode* 
rately large size, but, as might be expected with an animal 
whose skeleton is so soft, the remains are extremely rare, 
but the knowledge of their existence is a very interesting 
point. The form of the scale of this fish is represented in 
fig. 21, p. 71. 

On the whole, it does not appear, either from the general 
character of the lias invertebrate animals (such as the encri«- 
nites, the crustaceans and the molluscs) or from the fishes^ 
that this deposit took place in deep water. We might con- 
clude rather, both from the general character, and also fi'om 
the nature of the bed, and the vast abundance of fossils in 
particular spots, that it was a rapidly forming shoal, or mud- 
bank, or perhaps a great bay like the Yellow Sea, with land 
at no great distance, the resort of a vast number of such 
animals as commonly inhabit localities of that kind, and 
also of the predatory and voracious races that pursue and 
devour them. Let us turn now to the consideration of the 
animals of higher organization, and endeavour to learn from 
their remains, so far as they are handed down for our in- 
vestigation, how far they will help us to determine the pro- 
blem of the true nature of the lias fauna. 

Reptiles, as they exist at present, are conveniently 
grouped into five principal subdivisions, characterized re- 
spectively by the crocodiles, the lizards, the tortoises and 
> 
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turtles, the serpents, and the frogs. Among these, there 
are none which are so organized that the open sea can be 
called their chief habitation, none are provided with any 
apparatus by which they can support themselves in the air 
like birds, and none exhibit a distinct connecting link with 
the quadrupeds, by the possession of such locomotive or- 
gans as raise them above the ground in any proportion to 
their absolute magnitude. The whole number of species 
of these animals now known is also not very considerable, 
and they can hardly be said to perform a part of great im- 
portance in the economy of the globe.* We have already 
stated, in the account of the palaeozoic period, that interest- 
ing examples of these animals had already been introduced 
amongst the inhabitants of our globe, and that the lacertian 
type — that exhibited in the lizards of the present day — had 
been selected, with certain modifications, as the model of 
structure. We also found that not only was this lizard type 
continued with a very remarkable bird-like modification 
during the triassic or new red sandstone period, but that it 
was then also represented by a curious and gigantic group 
of animals, whose analogies point rather to the frog and 
4salamander than to any other existing reptiles, although 
some species attained the dimensions of the crocodile, and 
exhibited also points of affinity to that higher group. 
But the new red sandstone, or rather the shelly limestone 

* Animals of this kiod appear to be chiefly abundant, and to attain the 
largest dimensions, in those hot districts, chiefly intertropical, where the 
banks of large rivers are occasionally overflowed, and where extensive 
tracts not much raised above the sea level are sometimes clothed with rich 
vegetation, sometimes consist of bare hard clay and sometimes of soft mud. 
The larger crocodiles and alligators especially inhabit the muddy districts: 
in the rainy season they appear and range about, preying on the various 
animals that approach the water ; but in the hot dry season they retire, 
and become so coated with hardened mud, as even to escape being seen 
by the traveller. 
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occurring in the middle of the sandy beds of that formation 
on the Continent, also contains some fragments, not only 
of teeth but of bones, \¥hich indicate very distinctly the 
presence of a crocodilian animal, whose extremities, being- 
reduced almost to the condition of paddles, could not havcf 
allowed the creature to walk about readily on land. It was, 
doubtless, an aquatic form ; but as the crocodile of the^ 
Ganges and some of the alligators of the present day are 
also aquatic, there is in this no absolute departure from a^ 
known and recognised reptilian habit. 

It still remains to be seen how far this J^oihosaurus* as 
it is called, a spurious kind of saurian, was related to the 
crocodiles, and whether it formed a passage into a group 
differently characterized, and so constructed as to live al-' 
most exclusively in the sea, obtaining theie only the means 
of subsistence. 

Such a group existed at the time of the deposit of the 
lias, and is there represented by two genera perfectly dis-' 
tinct from one another, cf^ch exhibiting several well-marked 
species, and both present in most extraordinary abundance. 
The perfect skeletons of various species belonging to each, 
genus have been occasionally found embedded in the rock, 
and other specimens have been obtained in all degrees of 
preservation ; so that it is clear that the animals must have 
lived long and muhiplied greatly in the seas which covered 
a great part of what is no w land in the northern hemisphere, 
shortly after the completion of the deposit of the new red 
sandstone. 

The most essential character in these animals, is that 
they were exclusively marine in their habits; not merely 
taking refuge in the water occasionally, like most of the 
crocodiles, or seeking their prey there, and then, when 

* Nodof {nathos;) illegitimate, or spurious ; vAv^oi (iauroM,) a lizard. 
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gorged, domiDg asbor^ to sleep in the aurshes and jungle i* 
but adapted in all respects to make use of the sea as their 
permanent habitation, and only resorting to land from time. 
to time, probably to deposit their eggs, which would after- 
wards be hatched by the sun.* They formed a distinct 
group, having the same relation to other reptiles that the 
animals of the whale tribe bear to other mammals ; exhibit- 
ing in all essential points the structure of their order, but 
yet having this structure so adapted as to permit the animal. 
to live in a different element. We shall see presently the 
land of modiBcations made use of for this purpose. 
. The PLEsiosAUAUsf is the name given to the one of these 
animals we shall first describe. The name is applied in 
consequence of its offering in many points strong analogies 
with the other r^tiles ; but these are not sufficiently close 
to prevent it from exhibiting a form most strange and ano- 
malous, and a structure equally remarkable, and differing 
considerably firom that of any other animal. 

JFV^. 57. 




Rbstored Outline or Plbsiosavrcs. 

The most striking and manifest peculiarity in the Plesio- 
saurus consists in the enormous length of the neck, which, 
in some species, not only exceeds in absolute dimensions, 
but also in its proportion to the size of the animal, that of 

« • It 18 not indeed cerUin that theae ftnimab were oviparous, but thif 
mart be considered the most probable concliwion, at least withoat better 
evidence 4ajthe contrary than has yet been presented. 

TlKn^w {pUnon,) near or resembling; a>«u;<o( (sattrot,) a reptile. 
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the loDgest-necked quadruped or bird. But the perfect 
mobility, of this neck, of which we may form an idea by the 
number of jl>ints it possesses, was no less remarkable. The ' 
giraffe, the longest-necked quadruped we are acquainted 
with, has only seven vertebrae of the neck, not differing in 
this respect from the other mammals ; the swan, the longest- 
necked bird, has twenty-three : but the Plesiosaur is known, 
from some admirably preserved specimens, to have had 
upwards of thirty, and perhaps as many as forty. In its 
proportions, the neck in one species measures four times 
the length of the head, and actually exceeds the entice 
length of the body and tail. It was apparently thick and 
muscular near the body, but gradually became slender to- 
wards the head, which was small, and sometimes singularly 
disproportioned in size to the other parts of the animal. 

The head thus reduced in size exhibits,, biowever, rather 
a high type of organization. It offers some of the pecu- 
liarities which characterize the lizard, especially in the wide 
interspaces left between the bones ; in the existence of a 
strong crest along the middle of the skull, indicating that 
the jaws were worked as in lizards and not as in crocodiles ; 
in the structure of the lower jaw ; and in the absence of a 
cross ridge on the fore part oj^ the skull. But in its general 
form, in the strength and size of the bones of the face and 
jaws, in the rugged outer surface of the bones, and irt the 
sockets of the teeth, there is a distinct and well-marked 
approximation to the crocodile. 

In the size and position of the breathing-holes, or external 
nostrils, we find, however, a marked and interesting differ- 
ence from all existing reptiles, and a strong analogy to the 
corresponding part in animals allied to the whale, offering 
a beautiful example of adaptation of structure presented in 
¥ery different animals, but producing similar results and 
supplying similar exigencies. These apertures are placed 
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near the highest part of the head, where they would enable 
,the animal most readily to breathe, without exposing' any 
thing more than the apertures themselves above the water, 
corresponding admirably with the marine habits of the 
animal, as indicated by the structure of its extremities. 

The jaws of the Plesiosaur are strong and rather spoon- 
shaped ; they were provided with a large number of teeth^ — 
probably not less than a hundred — which were conical, 
slender, long, and pointed, slightly bent inwards, and 
deeply grooved. These teeth had long fangs, and were 
planted in separate sockets, as in the crocodile. They could 
also be repeatedly and indefinitely renewed. It is probable 
that the animal could, like some serpents, swallow prey ac- 
tually larger than the size of its head, the bones being so 
little attached that the cavity of the mouth could become 
greatly dilated by a violent effort. There can be no doubt 
that the habits of the animal were strictly carnivorous. 

The long neck, gradually 
^' ^®* swelling as it receded from 

the head, and provided with 
false ribs, passed perhaps al- 
most insensibly into the body, 
which, though of small size, 
is exceedingly compact and 
strongly put together. The 
back-bone, from the neck to 
the commencement of the 
tail, includes from about 
twenty-five to thirty vertebrae 
(fig. 58,) which like those of 
Vertebrjs of Plesiosaurus. the neck, present to each 

other nearly flat surfaces ; and 
the tail, which was of moderate length but very pow- 
erful, had an additional twenty-five, also flattened in a 
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similar way. AH the vertebrae had strong and large pro* 
cesses or projecting plates of bone for the attachment of 
muscles (see fig. 58.) 

The trunk and extremities of this singular animal present 
many points of interest, especially with regard to con* 
trivances introduced to meet the wants of a marine reptilian 
animal. 

The ribs of vertebrate animals are, properly speaking, 
appendages to the vertebrae, one pair being usually deve- 
loped from each vertebra, to approach or meet on the 
under side of the animal. The Plesiosaunts, however, was 
provided with sets of bones, each set consisting of seven, 
which connected these free extremities, rendering them very 
strong, but also allowing a considerable amount of play, 
since the connecting bones could slide upon one another. 
This contrivance admitted of much greater expansion of the 
lungs than is common in reptiles^ 

The portion of the body corresponding to the breast-bone, 
and connecting the four extremities with the vertebral 
column, is strong but not complicated, and appears better 
adapted for allowing free motion in the paddles, and so pro- 
pelling the animal through the water, than for supporting 
the weight of the body on land. Nearly the same may be 
said of the pelvis, which supports the hind extremity, and 
which exhibits about a corresponding degree of strength. 
There is also a beautiful contrivance enabling the animal to 
make use ot its extremities to some purpose even on land, 
and in this respect the Plesiosaur was indeed much better 
provided than the seal. 

The extremities themselves do not differ very greatly from 
'those of some of the cetaceans, but they were longer, more 
tapering, and seem to have possessed greater flexibility. 
There are stout and moderately long bones corresponding 
to the shoulder and thigh bone, a couple of short and flat 
11 



Digitized by CjOOQ IC 



162 PICTURESQUE SKETCHES 

boDes which represent the bones of the fore-arm and the 
lower part of the leg, and then a succession of bones, ob- 
long and flattened, and extending to some distance, which 
were enclosed entirely within the skin daring the life of the 
animal, and which formed the solid part of the paddle. 

There are sereral very dbtinct varieties of form in the 
different species of Plesiosaurus, and amongst them are 
some in which the bead is far larger in proportion, the neck 
shorter and thicker, and the body more expanded. Others 
again are remarkable for the large dimensions of the pad- 
dles ; and others for different modifications of structure, but 
all agree sufficiently in the principal characters, and teach 
us with equal distinctness what were the general habits of 
the animal. The specimens indicate also very different 
sizes ; but^ since in all reptiles the limit of growth is much 
less strongly determined, and the increase much greater, 
than in more highly organized animals, it will be sufficieot 
to state that the largest eompleie specimen yet found is 
about eighteen feet in length, but that there are fragments 
of individuals which would seem to have been nearly twice 
as large. 

The Plesiosaurus was hi^ly carnivorous in its habits, 
and no doubt fed indiscriminately on whatever came within 
reach, whether living or dead. Its powers of locomotion 
in the water were great^ and its strength must have been 
formidable ; but it had an enemy in the Ichihyosaurus^* 
from which there was probably little chance of escape. 
We have good reason to suppose that it could move about 
on shore, and it probably did so with greater facility than 
the seal or walrus; but it is not likely that it. resorted fre- 
quently to the land, since the sea appears to have been its 
more congenial habitat. 

The animal just mentioned as the fier6e and powerful 
enemy of the Plesiosaurus, which was itself a voracious reptile 

* I;C^c (tcAtAyf,) a fiah ; ^^vfor («attrti«,) a reptil«. 
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attaining a length of from ten to thirty feet, belongs unques- 
tionably to a most remarkable and anomalous genus, but 
d^arted, perhaps, much less considerably than the other 
from the present external form of marine animals. With 
the exception of a larger head, and paddles somewhat more 
developed, it wag not very unlike the porpoise in its ap- 
pearance, but it was a true reptile, adapted for constant 
residence in the sea, and in that respect claims comparison 
as being the ancient analogue and representafire of the 
great existing tribe of marine mammalia, of which the whale 
IS perhaps the best known type. 

The head of the Ichthyosaurus was in all cases large 
compared with the general proportions of the body, and in 
general form it resembled that of the dolphin, the chief part 
of its magnitude consisting of a greatly elongated snout, 
like that of some of the aquatic crocodiles of the present 
day. The jaws are long, comparatively slender, and taper- 
ing to the extremity. Along their whole length on both 

Fig. 69. 




^CHTHTOSAUaUS. 

(Side View of the SknlL) 

sides there is a continuous row of conical teeth of large 
size, not inserted in separate sockets, but placed in a kind 
of trough cut in the jaw, and merely separated from one 
another by a ridge of bone. These teeth were constantly 
removed and replaced by new ones during the whole life 
of the animal. 
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The structure of the lower jaw indicates a mechanical 
contrivance of 'some interest, intimately connected with the 
wants and habits of the animal. The jaws themselves are, 
as we have seen, long and slender. The teeth show that 
the animal was fierce and voracious, and analogy teaches 
us that in such cases the jaws must close suddenly on their 
prey with a snap, in order to ensure a proper hold being ob. 
tained. But a slender lower jaw, however strong, would 
be very easily broken when brought in contact with hard 
bodies, such as the solid enamelled plates enclosing some 
of the fish of the liassic period. By a .complicated appara- 
tus of several pieces of bone, arranged so as to distribute 
in some measure the necessary shock arising from the con- 
vulsive jerk made while the animal was in the act of seizing 
its prey, we have this purpose efiected in several of the 
existing reptiles ; but something more than this seems to 
have been needed by the Icthyosaur, since it exhibits an 
example of cross bracing, adding greatly to the effective 
strength without increasing the weight. By simply intro- 
ducing a change of direction in the grain, as it is called, or 
fibre of the bone, this purpose is accomplished, so that the 
animal was enabled to snap with safety at the hardest and 
most solid substance that came within its reach. The jaws 
of some specimens must have been upwards of six feet in 
length. 

The most remarkable peculiarities in the head of this fish- 
reptile besides the jaws are the size and structure of the 
eye, the smallness of the brain, the separation of the differ- 
ent banes of which the skull is made up, and the position 
of the nostrils. 

The orbital cavities which contained this eyes are of im- 
mense size, their circumferenoe including several distinct 
bones (see fig. 59,) and provided with plates of bone partly 
covering the eye, and overlapping one another so as to leave 
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a variable aperture for the pupil. There are instances in 
vhich these orbits are eighteen inches across, or, in othe^ 
words, so large, that it would require a string of nearly five 
feet long to surround the cavity of the eye. 

' The eyes were placed far back on the head and behind 
the snout, with the nostrils or breathing holes just in front, 
so that each time that the animal came to the surface to 
breathe, the eyes and nostrils, but no other parts of the 
head or body, would be brought into the air. There can 
be no question that a voracious animal like the Ichthyosaur 
obliged from time to time to appear above water, and per- 
haps occasionally to come on shore, required an extraor- 
dinary provision, enabling it not only to see, but to see 
distinctly, every thing passing around it. It was thus pro- 
vided with a peculiar apparatus, enabling it to adapt its 
vision not only to shallow but to deep water, and not only 
to water but to air. This apparatus effected its purpose by 
permitting a change of shape of the pupil of the eye, accord- 
ing as circumstances required ; the pupil dilating at great 
depths, where but little light is transmitted, the shape flat- 
tening {o allow of distant vision on shore, and the whole eye 
pushed forwards to enable its owner to see objects close at 
hand, thus affording every variety of action to this impor- 
tant organ. The bony scales which enclosed and defended 
the soft ball of the eye most resemble what is seen in the 
golden eagle and some other birds of prey, and may be 
best understood by a comparison with the scales of the 
artichoke. The structure is characteristic of reptiles rather 
than of fishes, and amongst reptiles is most remarkably 
shown in the lizard tribe. 

The head was connected immediately with the body in 
the Ichtliyosaur, the neck being scarcely perceptible, as is 
the case with fishes and whales. The back-bone, which is 
thus almiost directly attached to the skull, is made up of 
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about fifty double concave vertebrae (fig. 60,) exceedingly 
unlike those of any land animal, but nearly resembling the 
corresponding parts of fishes, though at the same time 
cleariy distinguishable. It may be neces- 
^g* ^' sary to remind the . reader, that in quadru- 
peds generally, and in birds, these vertebr© 
not only present flat surfaces to one ano- 
ther, but are more or less firmly connected 
by the interlocking of projecting bones or 
processes. In the reptiles generally there 
is a recess on one side of each surface, 
consisting of a cup-shaped hollow into 
which a corresponding ball of the adjacent 
vertebra fits and works. In the'Plesio- 
saurus, as I have already described, this is 
absent, and the bones present simple, flat, 
or very slightly doubly concave surfaces to 
Ichthyosaurus. ^^^ ^^^^ ' ^^^ ^^ ^^ Ichthyosaurus and 
(Vertebra.) in fishes the two cup-shaped hollows are 
deep and strongly marked (figs. 60, 61,) 
so that there was considerable interspace between the centre 
of two adjacent vertebrae. This bterspace is filled with 
fluid in the case of fishes and the Ichthyo- 
^' * saur, allowing of those minute but incessant 
and very important lateral motions by which 
the fish, supported and floating in the water 
without effort, moves itself readily in every 
direction. In this respect, therefore, the 
Icbthyosaur had the advantage of all reptiles, 
for, being an inhabitant of the sea, it was provided with 
the same power of ready motion and great flexibility as the 
fishes themselves. 

But still this strange monster was a reptile. To the ver- 
tebrse thus constructed were attached not only true ribs, 
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but a continued series of them along the ^ole length of 
the body, enclosing the great cavities of the heart, abdomen, 
&c., with a perfect Tanking of elastic bone. Across the 
chest these ribs are connected by intermediate bones, each 
set consisting of five, overlapping each other as in the Ple- 
siosaur, and doubtless performing a similar office.* But in 
the Ichthyosaurus the breast-bone to which these ribs were 
attached presents some peculiarities exceedingly remarkable 
and characteristic. 

In the whale tribe the breast-bone is developed so as to 
enclose the complicated apparatus of lung necessary for air- 
breathing warm-blooded animals, having a complete circu- 
lation ; but in the true marine reptiles this is by no means 
the case, and we find that, although this, apparatus of the 
breast-bone is present, it is so in order that it may form a 
support and a point of resistance to the fore-paddles of the 
animal. 

In this respect again there is another curious analogy 
between the Ichthyosaur and the Duck-billed Platypus or 
OmUkorhynchtLS of Australia, one of the most anomalous of 
living animals, which seems to require the same kind of 
contrivance, and possesses it in a nearly similar manner.f 

The hinder extremities, although strong, do not exhibit 

* Nineteen pairs of ribs have been found thus connected in one Bpeci* 
men of Ichthjosaurus from Lyme Regis. 

f Tiie bones which correspond to the shoulder bone are articulated to 
a short and stout scapula (shoulder blade) like that of birds; the lore 
part of this is fixed both to the clavicle (or collar-bone,) and to the bone 
correspondioj^ with the hreast-b<me, while the other receives the eztremi^ 
of I he humerus (shoulder-bone,) and is also attached to another bone pro- 
ceeding from the blade-bone, and jo man merely forming a projecting sur- 
face upon it These latter bones again also articulate with the breast- 
bone, so that there is a double attachment, rendering the whole more se. 
cure, and providing a resisting sarface, against which the extremities may 
safely press with the whole weight of the animal, withoat these parts 
yielding inwards and pressing against the solt moscolar masses. 
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any special contrivance, and were not attached with unusual 
strength to the back-bone and the sacrum, so that it ap- 
pears that the habits and necessities connecting this crea- 
ture with the fishes have been here chiefly considered. 
The hinder extremities are also ui^ually smaller than the 
others. In serpents we have a similar arrangement ; but 
in that case the extremities are merely rudimentary, and 
are of no use to the animal in locomotion. 

The paddles or fins by which the Ichthyosaurus made its 
way through the water are very curious and interesting, for 
they are perhaps more perfect modifications of the true fish 
structure to the habits of.an animal occasionally coming on 
shore, than any that can be referred to in nature. They at 
the same time exhibit the true reptilian structure of the ani- 
mal, and thus show us how perfectly and yet how simply 
the legs of a quadruped and the fins of a fish are still 
formed according to a similar law of development, al- 
though intended for such different purposes, and presenting 
such very different appearances. 

' We have already considered the peculiar apparatus by 
which the paddles are made to rest upon the back-bone by 
means of a sternum or breast-bone aflbrding a resisting 
power, but not connected with the ribs. It remains now 
to consider the form and structure of the fin or paddle 
itself. 

The shoulder-bone, already alluded to, works upon a 
kind of blade-bone, but is not fitted into a deep socket. 
Its form somewhat resembles that of the corresponding bone 
in birds ; and this bone, as well as the two which represent 
the fore-arm, are distinct, but very short and broad in pro- 
portion to their length, especially the two latter, which are 
often nearly round, and sometimes broader than they are 
long. Then come a number of small round bones, which 
represent those of the wrist, and complete two ill-de- 
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fined rows. Afler them succeed a multitude of little bones 
(see figure,) arranged in distinct rows 
and fitting one another, but not ex- ^' ^^ 

hibiting any mark of that division 
into fingers, which may be traced in 
the skeleton even of the most aquatic 
of the mammalia. The bones in- 
crease in number as they diminish in 
size, to the termination of the paddle. 
They form from three to six series, 
and are so dove-tailed together as 
to constitute an uniformly resisting 
framework, acting as a simple oar. 

Such was the skeleton of this fin, 
or paddle, as made known by various 
examples, some of them quite perfect ; 
but we are fortunately in a condition 
to tell yet more of its structure, and 
thence deduce more clearly the habits 
of the animal. In one specimen of 
the paddle (fig. 62,) obtained from 
Barrow-upon-Soar, in Leicestershire, Ichthyosaurus. 
not only the bones, but the actual (Restored Paddle.) 
outlines of the extremity of the fin, 
are clearly defined, and are found to exhibit the impression 
of a number of rays extending downwards and forking off 
towards the end. It is clear, from the extreme rarity of 
their preservation, that these rays were not bony, and they 
were probably either cartilaginous, or formed of that albu- 
minous horn-like tissue, of which the marginal rays of the 
shark's fin consist. The fore part of the fin Mips terminated 
by a small unbroken and well-defined line, probably only 
a thickening of the skin ; and the dimensions of the soft 
part, compared with the skeleton, show that the total 
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length of the extremity would be about half as much again 
as that of its bony and solid portion. 

The tail of the Ichthyosaurus was of great length, the 
number of vertebrsB extending beyond the hinder extremi- 
ties being very much greater than half the whole number 
possessed by the animaL At about the 30th vertebra from 
the pelvis thei^e have been observed, in most of the more 
perfect specimens, distinct marks of a fracture, this portion 
of the tail bein^e; generally bent off at an angle. At the 
same point, too, there is generally a slight displacement of 
a few of the bones. This, however, is not all. At the 
point thus indicated a modification of the form of the verte- 
bra has been observed, so that the rest (forming the tail) 
have a somewhat oblong shape, just the reverse of what is 
known to occur in the whale, where these bones are a little 
flattened. Now in the whales there is a powerful horizontal 
tail, by the beating of which up and down against the water, 
the animal is enabled at once to sink or raise itself in the 
'water vrith extreme rapidity and force ; but the Qnly indica- 
tion of such a tail in the skeleton consists of this slight 
flattening in a horizontal direction. From the position and 
regularity of appearance of the fractured tail of the Ichthyo- 
saurus, and from the shape of the vertebrae, it has been con- 
cluded that this animal was provided with a long vertical 
tail, like that of fishes ;* and, as we know that it was amply 
provided with paddles which would enable it to rise or sink 
very readily, such a tail would be of the greatest possible 
utility in producing rapid motion through the water — a 



* After the death of the animal the vertebral colamn would very soon 
tend to faU asunier, owing; to the absence of connecting; processes, and the 
deep interspaces filled with fluid that existed between each pair of verte* 
bre. The mere weight of a vertical tail falling on one Fide would thus 
4rag with it a portion of the bonj series, and produce the dislocation so 
often observed. 



Digitized by VjOOQ IC 



OF CREATIOF. 171 

power possessed to an almost incredible extent by some of 
the larger and more roracious fishes, such as the shark, and 
one which in them transcends any locomotive power that 
man has yet been able to attain, exceeding even that which 
birds possess in their familiar element, the air. It should 
not be forgotten that a powerful vertical tail would be al- 
most necessary to the Ichthyosaurus to enable it to turn 
with precision and rapidity, so that its elongated head 
should be able to make a sudden and sure seizure of the 
anticipated prey. 

Having now mentioned successively the most striking 
peculiarities of each part of the skeleton of this animal, and 
having even drawn conclusions with regard to such parts 
as the cartilaginous fins of the paddle, and the position and 
shape of the tail, or rather tail-fin, the reader will naturally 
conclude that the subject is exhausted, and that it remains 
only to sum up into a general view these various details. 
But the case is not so. We have seen that in this bed of 
fine mud, the bodies of animals were deposited and pre- 
served so completely, that the skeletons, after the soft parts 
had decayed, retained their relative position, exhibiting all 
the important points of structure. Circumstances, however, 
sometimes occurred by which individuals, overtaken per- 
haps by sudden destruction, have been at once embedded, 
a perfect cast being formed of every part, internal as well 
as external, so that the skin, the contents of the stomach, 
its proportional magnitude and other details, may be learnt 
by carefiil study of the specimens thus embalmed and hand- 
ed down to us. But, before dwelling upon these obscure 
and minute points, there are others to be mentioned scarcely 
less curious, resulting from the continued resort of great 
families of these monsters to particular spots. Possibly 
these spots may have been good feeding-ground, and fa- 
vourable for the development of the larger moUusca and fishes, 
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Fig. 63 



or the presence of shallows and neighbouring land may 
have been especially advantageous for breedmg; but, at 
any rate, it is certain that we find, here and there, localities 
where vast multitudes of pellets of an oval shape and va- 
rious size are accumulated. These pellets often contain 
fragments of bone, teeth, or fish scales, and are now re- 
cognised as being beyond question the 
fossillized dung of the great marine rep- 
tiles. They are spoken of by Greologists 
under the name of Coproliies* or dung- 
stones (fig. 63.) From the examination of 
these fossils it is easy to determine the 
nature of the food of the animals and some 
other points; and when, as happened oc- 
casionally, the animal was killed while the 
process of digestion was going on, the. 
stomach and intestines being partly filled 
with half digested food, and exhibiting the 
coprolites actually in sitUj we can make 
out with certainty, not only the true nature 
of the food, but the proportionate size of the stomach, and 
the length and nature of the intestinal canal. 

Within the cavity of the ribs of an extinct animal, the 
palseontologist thus finds recorded in indelible characters 
some of those hieroglyphics upon which he founds his his- 
tory. He learns, that of this animal, manifestly well adapted 
for the most predaceous habits, the stomach formed a pouch 
of prodigious size, extending through nearly the entirec avity 
of the body. It was therefore of a capacity well proportioned 
to the powerful jaws and teeth which were admirably and 
beautifully contrived to supply its wants. With this enor- 




COPBOLITE. 



* JHoirpoe {eoproB,) daog; 9jBoc {lithoi,) a ftone. There are strata, many 
■qnare miles in extent, almort made ap of these fossils. 
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moas stomach, there was, however, very little room for a 
corresponding intestinal canal, and it is interesting to find^ 
the shape of the coprolites distinctly showing that this part, 
of the animal economy in the Ichthyosaurus, as in the most 
voracious of the existing fishes, consisted of a flattened tube, 
twisted into a spiral or corkscrew form, and reduced to the 
smallest possible dimensions. 

Judging from the existing reptiles, and the gigantic sau- 
roid fishes of the older period, it might perhaps have been 
anticipated that the marine saurians, of which the Ichthyo- 
saurus is one of the most important genera, should be pro- 
vided with hard bony plates, or scutes y as they are called, 
at once enclosing and defending the animal. The absence, 
of such scutes among the fossils of the lias, which has not 
only retained and handed down all the hard parts in great 
abundance and perfection, but exhibits even some of the 
softer portions of the body, would alone render this, ques- 
tionable. But the doubt has been completdy justified by 
the discovery of actual portions of the undefended skin, 
which, preserving the analogy with the cetaceans, appears 
to have been naked, of considerable thickness, and covered 
with minute folds and wrinkles on the belly, instead of 

scales. 

Fig Si. 




Ichthyosaurus. 
(Restored outline.} 

On the whole, then, the Ichthyosaurus may be described 
as an air-breathing reptile, which sometimes attained a 
length of thirty to forty feet, which was covered like a 
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wh«le witk smoodi, naked, tkick skin, and whose place of 
ordinary habitation was the open sea. Its head was large 
and somewhat like that of the dotphin, but its general form, 
no less than the particular contriTances of the jaws and 
teeth, were truly crocodilian. Associated with this crocO' 
dilian head, we find enormous eagle-Iike eyes, carefully de^ 
fended and made admirably efficient by an apparatus of 
bony scales, permitting distant vision in the air, near the 
snr&ce of the water, and in the dim abysses of the ocean. 
The body of this creature was perfectly flexible and fish- 
like, but, instead of fins, it had two pair of very powerful 
paddles, permitting of the utmost freedom of motion in 
swimming, and forming not inconvenient limbs to assist in 
locomotion on land. A large and efiScient vertical tail com- 
pleted this strange mixture of fish, reptile, and whale, and, 
though no living representative exists not merely of its genus, 
but even of the great natural order to which it belongs, it 
once played no unimportant part in extensive tracts of ocean, 
which soon after the commencement of the secondary period 
covered that part of the northern hemisphere now occupied 
by the continent and islands of Europe. 

Towards the close of the deposit of the great mass of red 
sandstone and marl which immediately rests on the palaeo- 
zoic rocks, these beds seem to have gradually changed their 
character, the marl preponderating and becoming more cal- 
careous. Although sandy and calcareous mud was still 
deposited unifonnly, abundantly, and very widely, we 
have in the beds of mud thus preserved no distinct indi- 
cations of the vicinity of land, for the fragments of wood 
that occur are almost invariably covered with marine ani- 
mals, proving that they had floated or been drifted far out 
to sea. The change in the sea-bottom, and the lapse of 
time, accompanied by the upheaval or sinking of land, pro* 
dueed the eflfeet of destroying many old qiecies, while other 
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Bev ones entered the field. These exhibited an undoubted 
approximation to the animals of a later period, and include 
some very curious star-fishes, several crustaceans, and a 
large number of moUusca or shell-firii, both bivalve and 
univalve, all having analogies with existing species, thou^ 
all specifically different. Of these the most remarkable in 
their departure from the existing type are the Pentaerintite, 
the Terebratuke among bivalve shells, and the ammonite 
and belemnite among the univalves. The fishes and the 
reptiles exhibit still more prominently the difierences that 
then existed. 

If we wish to pass in review the various groups most cha> 
racteristic of this singular period, concerning whose natural 
history we have so many and such distinct facts recorded, 
we must imagine a wide tract of open sea, into which a 
quantity of fine sediment of calcareous mud was in some way 
carried and deposited.* From the distant land whence 
this mud was washed came also occasionally trunks of trees 
conveyed by marine or river currents. Attached to them, 
and also occasionally fastened to sea-weeds or other floating 
bodies, would appear in large clusters — (like the bunches 
of barnacles sometimes suspended from a ship's bottom)-r 
the singular pentacrinites, their long stony column fringed 
thickly with branches of articulated stone, with a stony 
coat of mail surrounding the pouch or stomach, and a simi- 
lar but more delicate defence covering the extensile probo- 
scis. With innumerable arms widely extended in a com- 
plicated fringe, this strange mass of living stone expanded 
itself, and drew within its cold embrace the floating bodi«;s 
on which it fed. One might fancy that some marine Bri- 
areus, looking on the strife and carnage of this great rep- 
tilian period, whose horrors might well have had the fabled 

* Sach a depof it is probab*y now going on in the Yellow Sea, off the 
coast of China. 
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effect attribated to the snakes of Medusa's bead, had sud- 
denly become petrified, retaining however its vital powers, 
and, with its ccHnpIicated skeleton, continued to perform its 
office by cleansing the sea of an accumulation of decaying 
animal matter. 

But while the Pentacrinite was thus the floating scaven- 
ger of that period, the bottom of the sea, although not 
covered with encrinites and corals, was well provided with 
other animals performing the same part in nature. The 
great beds of Gryphea — the oysters of their day — are suffi- 
cient proof of this, and the Terebratute and Spirifers tell 
the same tale. Among the invertebrate animals, however, 
the ammonite and the belemnite were undoubtedly the most 
remarkable, and, at least in certain districts of the sea, were 
enormously abundant. Some of them being enclosed in 
shells, some enclosing shells, and some perhaps not pro- 
vided with any solid framework, swam about, or dwelt at 
various depths, and by their carnivorous and voracious 
habits greatly tended to keep down the exuberance of the 
lower forms of life. 

The neighbourhood of the shore, and the shallow banks 
during this period were peopled by multitudes of fishes of 
moderate size, living chiefly on the crabs, lobsters, and 
shell-fish, or on the encrinital animals ; and, for the purpose 
of crushing the shells of such creatures, these fishes were 
provided with a pavement of hard rough enamelled teeth 
fixed on the palate. The whole body also and the head 
were covered with plates of bone, also coated with enamel, 
and serving as a defence against the attack of the larger 
ammonites and belemnites. Farther out at sea, were tribes 
of sharks of different species, all predaceous and carnivo- 
rous, and many of them of the most gigantic proportions. 
No fishes like those now common on the coasts of England 
then existed on the earth. 
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The fishes, though abundant and represented by a power- 
ful and important group, had ceased to be the lords of 
creation in the lias seas. T})e depths of the sea as well as 
the shallows, the broad expanse of waters as well as the 
coast-line, were in those days the dwelling-places of a group 
of reptiles of which every representative has long since be- 
come extinct. 

Two of these have more especially attracted attention, 
in consequence of their great abundance in the fossil state 
in our. own countty, but they are by no means the only ones 
known. Of these two, one was more exclusively tenant of 
the deep, while the other was probably more frequently met 
with on the mud banks or on shore. Both were truly marine 
in their habits, and both seem to have served as the repre- 
sentatives of the great cetacean tribe — the whales, the por- 
poises, and other similar animals — now existing. 

It is difficult to imagine, without appearing to caricature, 
the conditions of existence of such animals. We know in- 
deed their form, their proportions, their strange contrivances 
of structure, their very skin, and the food which they de- 
voured, and yet, knowing with absolute certainty these 
points, we hardly dare draw the conclusions which are sug<- 
gested. 

But I will venture to carry out the idea, and fill up in 
yet greater detail a sketch of the condition of the sea and 
its inhabitants during this portion of the reptilian epoch. 

There were then perhaps existing on or near the land some 
of those reptiles which I shall describe in the next chapter ; 
and with them were associated some true crocodilians, not 
much unlike the fresh-water garial inhabiting the Ganges. 
These, perhaps, might occasionally swim out to sea, and be 
found in the neighbouring shoals. 

But these shoals were alive with myriads of invertebrated 
animals ; and crowds of sharks hovered about, feeding upon 
12 
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the larger forms. There were also numerous other animals, 
belonging to those remarkable groups which I have at- 
tempted to describe in some detail. Imagine then one of 
these monstrous animals, a PlesiosauruSj some sixteen or 
twenty feet long, with a small wedge-shaped crocodilian 
head, a long arched serpent-like neck, a short compact 
body, provided with four large and powerful paddles, al- 
most developed into hands; an animal not covered with 
brilliant scales, but with a black slimy skin. Imagine for 
a moment this creature slowly emerging from the muddy 
banks, and half walking, half creeping along, making its 
way towards the nearest water. . Arrived at the water, we 
can understand from its .structure that it was likely to ex- 
hibit greater energy. Unlike the crocodile tribe, however, 
in all its proportions, it must have been equally dissimilar 
in habit. Perhaps, instead of cpncealing itself in mud or 
among rushes, it would swim at onc^ boldly and directly to 
the attack. Its enormous neck stretched out to its full length, 
and its tail acting as a rudder, the powerful and frequent 
strokes of its fbur large paddles would at once give it an im- 
p,ulse, sending it through the water at a very rapid rate. When 
within reach of its prey, we may almost fancy that we see it 
drawing back its long neck as it depressed its body in the 
water, until the strength of the muscular ^apparatus with, 
which this neck was provided, and the great additional 
impetus given by the rapid advance of the animal, would 
combine to produce a stroke from the pointed head i? hich. 
few living animals could resist. The fishes, including per^ 
haps even the sharks, the larger cuttle-fisb, and innumerable 
inhabitants (rf the sea, would fall an easy prey to this moor 
ster. 

But now let u.s see what goes on in the deeper abysses 
rf the ocean, where a free space is given for the operations 
o£ that fiercely carnivaroijis marine reptile,^ the Ichthjiosiavc- 
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rus. Prowling about at a great depth, where the reptilian 
structure of its lungs and the bony apparatus of the ribs 
would allow it to remain for a long time without comiQg to 
the air to breathe, we may fancy we see this strange animal, 
with its enormous eyes directed upwards, and glaring like 
globes of fire ; its length is some thirty or forty feet, its head 
being six or eight feet long ; and it has paddles and a tail 
like a shark ; its whole energies are fixed on what is going 
on above, where the Plesiosaurus or some giant shack is 
seen devouring its prey. Suddenly, striking with its short 
but compact paddles, and, obtaining a powerful impetus by 
flapping its large tail, the monster darts through the* water 
at a rate which the eye can scarcely follow towards the 
surface. The vast jaws, lined with formidable rows of 
teeth, soon open wide to their full extent ; the object of 
attack is approached — is overtaken. With a motion quicker 
than thought the jaws are snapped together, and the work 
is done. The monster, becoming gorged, floats languidly 
near the surface, with a portion of the top of its head and 
its nostrils visible, like an island covered with black mud, 
above the water. 

Such scenes as these must have been every day enacted 
during the many ages when the waters of the ocean were 
spread over what is now land in the eastern hemisphere, 
and when the land then adjacent provided the calcareous 
mud now forming the lia& 

But a desenption. of sush scenes of horror and carnage, 
enacted at former periods of the earth*s history, may perhaps 
induce some of my readecs to question the wisdom that 
permitted, nay enacted them, and conclude rashly that they 
are opposed to- the ideas we are encouraged to form of the 
goodness of that Being, the ihecessaiy action of whose laws, 
enforced on all living beings, gives rise to them. By no 
means, however,^ is this the case. These very results are 
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.perfectly compatible with the greatest wisdom and good- 
ness, and, even according to our limited views of the course 
of nature, they may be shown not to involve any needless 
suffering. To us men, constituted as we are, and looking 
upon death as a punishment which must be endured, pre- 
mature and violent destruction seems to involve unneces- 
sary pain. But such is not the law of nature as it relates 
to animal life in general. The very exuberance and abun- 
dance of life is at once obtained and kept within proper 
bounds by this rapacity of some great tribes. A lingering 
death — a natural decay of those powers which alone enable 
the animal to enjoy life — would, on the contrary, be a most 
miserable arrangement for beings not endowed with reason, 
and not assisting each other. It would be cruelty, because 
it would involve great and hopeless suffering. Death by 
violence is to all unreasoning animals the easist death, for 
it is the most instantaneous ; and therefore, no doubt, it has 
been ordained that throughout large classes there should be 
an almost indefinite rate of increase, accompanied by de- 
struction rapid and complete in a corresponding degree, 
since in this way only the greatest amount of happiness is 
ensured, and the pain and misery of slow decay of the vital 
powers prevented. All nature, both living and extinct, 
abounds with facts proving the truth of this view; and it 
would be as unreasonable to doubt the wisdom and good- 
ness of this arrangement, as it would be to call in question 
the mutual adaptation of each part in the great scheme of 
creation. No one who examines nature for himself, how- 
ever superficially, can doubt the latter ; and no one cer- 
tainly, who duly considers the laws ordained for the general 
government of the world, can believe it possible for these 
laws to have acted without a system of compensation, ac- 
cording to which the vital energies of one tribe serve to 
prepare food for the development of higher powers in 
another. 
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CHAPTER IX. 

THE GIGANTIC LAND REPTILES, THE FL7ING REPTILES, AND OTHER 
ANIMALS CHARACTERISTIC OV THE OOLITIC AND WEALDEN FORMA* 
TIONS. 

Afteb the termination of that great deposit of calcereous 
mud, so characteristic of the older part of the middle secon- 
dary period, considerable change seems to have taken place 
in tlie relative position of land and sea ; and, from the abun. 
dance of calcareous rock afterwards developed, as well as 
from the nature of the fossils, it may safely be concluded 
that these changes involved important alterations in the 
whole system of organic nature in this part of the world. 
Referring only to those districts which, being now land, 
enable us to discover their structure, and drawing our con- 
clusions only from the actual facts that have been deter, 
mined, we may venture to conclude, that immediately 
after the deposit of the lias, the bed of the sea was affected 
by widely acting earthquake movements, and that tracts of 
land, more or less extensive, rose up, especially on the north- 
eastern flank of the lias in Yorkshire, in several districts on 
the continent of Europe, and in the central and eastern 
portions of North America. 

It also appears that these elevations must have alternated 
Svith depressions, and that thus a number of islands were 
formed in a sea of moderate depth, but frequently changing 
both in depth and in the nature of its deposits ; the islands 
being the habitation of land animals, while the surrounding 
coasts afforded food and shelter for vast multitudes of fishes 
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and other marine groups. The marine deposit, howerer, 
seems to have been nearly limited towards the west by a 
recently formed lias coast, leading us to suspect the exis- 
tence of land extending westwards and northwards from 
the line of that bed. Possibly this land may have formed 
a broken ring sarrounding a Mediterranean Sea, just as the 
two portions of the great continent of America, connected 
partly by the Isthmus of Darien, and partly by the chain of 
the West India islands, now enclose a tract under nearly 
similar conditions. 

However this maybe, the great eastern oolitic archipelago 
seems to have been limited towards the west by England, 
and perhaps terminated towards the north with the land 
which now forms the range of the Hartz mountains, the 
mountains of Saxony, and those of Bohemia. Throughoat 
the whole tract the general conditions of deposit must have 
been neariy analogous ; but there were many important 
modifications in detail, especially in the western, southern, 
and south-eastern part, where the older beds are most de- 
veloped ; while in the north-eastern and central districts, 
the newer beds are apparently the most important. The 
newest of all the deposits was a great fresh-water formation 
known as the Wealden group, occupying a portion of the 
south-east of England, and met with again in Hanover. 

By a gradual change in the nature of the deposits, the 
whole oolitic range seems to have served as the habitation 
and burial-place of many successive races of beings ; but 
there is nowhere evidence of such considerable or violent 
change as would justify us in separating the series into two 
or more parts. The whole was probably continuous ; and, 
although affected by contemporaneous and successive dis- 
turbances frequently repeated, these hardly involved any 
changes of great moment modifying the general result. 

The inhabitants of the sea during the oolitic period in. 
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elude, as might be expected, a vast multitude of species. 
Of these some were attached permanently to marine bodies, 
and so were partly or entirely dependant on a particular 
mechanical, chemical, or mineralogical, condition of the sea 
bottom ; others were attached less permanently, possessing 
only imperfect powers of locomotion, and limited as to the 
depth at which they conveniently live ; while there were 
others, again, swimming freely in the ocean, and limited 
only in their range by the nature of the supply of food. 
The first mentioned of these groups includes the coral ani- 
mal and many others of low organization, the next com-' 
prebends the encrinites, star-fishes, sea-urchins. Sec., as well 
as a number of crustaceans and insects, and a large pro- 
portion of the animals enclosed in shells ; while the last, 
in some respects the most important and interesting group, 
includes the more highly organized moUusca, the fishes, and 
the marhe reptiles. It will be convenient to describe, first, 
these different groups of the inhabitants of the ocean, and 
then proceed to the account of the land animals of the 
period. 

The corals of the oolitic seas formed some considerable 
reefs and islands, especially during the middle part of the 
period ; but the species then Fig. 65 

common resemble so closely 
those of existing seas in all 
important points of structure 
(fig. 65,) that it will not be 
necessary to describe them 
in detail. They differ, in- 
deed, in specific, and often 
in generic character; but, 

in spite of this, there can be Oolitic Coral. 

no doubt of the general ana- {Mraa.) 

logy, and we find exactly the same set of contrivances 
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adopted to provide that varied and efiectual resistance to 
the waves which characterizes the labours of the coral ani- 
mal, and which are especially seen in those gigantic monu- 
ments of its labours distributed over a vast expanse of sea 
in the Tropics and the southern hemisphere. 

The oolitic encrinites are neither more numerous nor 
more remarkable than those of an earlier period ; and it 
would appear, indeed, as if the original form of th^ deve- 
lopment of this tribe had by this time given way to a more 
.advanced type. There are, however, still some, and those 
very pretty and interesting groups of these animals, amongst 
which we may enumerate a fossil well known to collectors 
in the west of England as the " pear " or " Bradford " En- 
criiiite. This species grew from a large and swelling base 
attached to a rock or some marine substance ; it was pro- 
vided with a stout stem of moderate length, and the plates 
of the upper parts, or body, are singularly thick and strong. 
The rock immediately below a particular bed of clay (called 
the Bradford clay) seems to have been a favourite locality, 
since the remains are there found in great beauty. The 
stem, or stony column, terminated with five pairs of short 
arms rising immediately from the upper plates ; and these, 
when expanded, collected food and conveyed it to the 
mouth. 

Although the encrinites are not ^extremely abundant in 
the oolitic rocks, the tribe of radiated animals, to which 
they belong, was still amply represented. Star-fishes, sea- 
eggs, and sea-urchms of various kinds and size are uni- 
versally distributed, and exceedingly beautiful species of 
an extinct genus {CidariSy) provided with stout calcareous 
spines, are found singularly perfect (fig. 66.) It would 
hardly be thought possible, that animals provided, as these 
are, with a vast multitude of thick, heavy, and perfectly 
solid stony clubs, attached only to the shell at one point, 
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should, notwithstanding, be perfectly free in all its move* 
ments, and, in fact, be greatly' assisted 
in its locomotion by such appendages. ^S* ^^ 

The spines or clubs, to those accustomed 
only to watdi the habits of animals in- 
habiting the land, and therefore sur- 
rounded with air and not water, appear i 
so heavy as to be almost clumsy ; but, in 
fact they are so little heavier than water, 
that they are perfectly manageable in that Oolitic Sea-Egg.* 
element, and when used as spades in the {adaris.) 
soft wet sand, the animal moves with 
great rapidity, and in any direction by their aid. Most of the 
animals of this group inhabit the shore, or moderate depths 
at no great distance from shore. 

The oolitic Crustacea include an extensive series not very 
different from the lobster, the prawns (see fig. 67,) and the 

Fig.67 




Long-Clawrd Oolitic Shrimp. 
(^Megachirus.) 

king-crabs of the existing seas. Most of these are found in 
one particular spot in the north of Bavaria, in a peculiar 
fine-grained absorbent stone, much used for lithographic 
purposes. This stone is calcareous ; it has a peculiar as* 

* In the specimen 6gfur6d, the stony clob-shaped spines are absent, as 
is often the case in fossils, but the smaU mammillated projeetionsto which 
they were attached by sockets are very beaotifully shown. 
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pect and a remarkably delicate texture, and has, doubtless, 
been deposited from an impalpable mud. 

The numerous fossils it 



Fig. 68 



Fig. 69 





* contains, and they are even 
more remarkable for their 
perfect condition than their 
number, include but few 
remains of ordinary mol- 
lusca, but on the other 
Insects or the Secondary Epoch, hand, a very unusual pro- 
portion of fishes, of crus- 
taceans of various kinds, and of insects, often in the most 
singular state of preservation. From these as well as from 
other remains of insects and crustaceans of the same period, 
characteristic forms of which are given in the accompanying 
wood-cuts (68, 69,) we may deduce the fact that there was 
but little difference in general form, proportions, or struc- 
ture between the ancient inhabitants of the sea-coast and 
the existing ones, so far as such groups are concerned, and 
that there is nothing in them to indicate a warmer climate, 
or any peculiarity in the condition of the atmosphere. 

Among the shells most common during the oolitic period 
there are many whose resemblance to existing species is 
also striking, and which certainly point to a 
very different condition having then ob- 
tained ; but the genus Texebraiula seems to 
have been far more predominant than it now 
is, and in some localities particular species 
of these gregarious animals existed in beds 
at the bottom of the sea, almost to the ex- 
Tebebratula. elusion of other animals. 

The tribes of bivalve and also of univalve 
molluscs were, however, amply represented during this 
period, and every day is adding to the number of species. 



Hg. 70 
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and the variety of generic forms assumed by these creatures. 
From the careful study of these on the spot, much light 
vrill probably hereafter be thrown on the condition and 
depth of the sea, and the movements of the sea bottom 
during the part of the period of which certain groups are 
characteristic. 

The Ammonite J so greatly developed in the lias seas, was 
scarcely less so during the whole of the succeeding period, 
and the variety of form which it exhibits is not less remarka- 
ble than the vast multitude of the individuals preserved. 
This form is sometimes more perfectljr preserved also in the 
rocks of this period than in any others ;' and one example, 
in which the fragile termination of the aperture has been 
handed down in a perfect state, is given in the accompany- 
ing figure (fig. 71.) But this tribe of Cephalopoda was 
then represented by another group, 
numbers of which also are met ^'^^ 

with in the lias, and to which the 
name BelemnUe has been applied ; 
and this, taking the place of a 
more highly organized animal of 
its class than even the nautilus 
and ammonite, has been some- 
times perfectly embalmed. The ^ 

^ , -. . . Oolitic Ammonite. 

structure of the soft parts is m- 

deed so beautifully shown in that same clayed bed from 
which the perfect ammonite has been worked out (the Ox- 
ford clay,) that the oolitic period is the most proper for its 
final description, though the animal has been already 
alluded to,* and is almost equally characteristic, not only 
of the lias and oolites, but also of the newer secondary 
deposits. 
The Belemnite has received its name firom a peculiar 

* See ante, p. 148 et seq. 
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^S' 72 dart-sbaped stony fossil which 

is not uncommon, and which, 
under various local names, 
(such as thunderbolt, devil's 
toe-nail, &c.,) is familiar to 
most people in the different 
parts of England where it oc- 
curs abundantly. It is found 
varying in size from specimens 
not an inch long, to others 
measuring upwards of a foot ; 
but the structure is generally 
seen to be the same, the fossil 
when complete being more or 
less cylindrical, with one coni- 
cal extremity, the other end 
widening out and exhibiting a 
conical hollow, which is some- 
times filled up with a number 
of little cup-shaped bodies like 
watch-glasses, fitting into one 
another. 

Without amusing the reader 
with the mistakes of diflerent 
authors with regard to this fos-^ 
sil, it will be sufficient to state 
at once what it is, and what is" 
the meaning and use of the va- 
rious parts, since the whole his- 
tory of the animal is now per- 
Belemniti. fectly cleared up by the aid of 

(Restored Figure.) specimens which not only ex- 

hibit all the solid parts in their natural position, but even 
present to our notice the muscular fibre, very little altered. 
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The vrhole contour of the animal is ihdeed accurately de« 
termined, including the feelers projecting from the head, 
the finS) the tail, and even a solidified dark fluid once pre-^ 
served within the body, and intended to serve the living 
animal as a defence from its enemies by enabling it to cloud 
the surrounding water when attacked or desirous of con- 
cealment. 

The fossil known to Geologists by the name Betemfiiie is 
the internal skeleton of a cephalopodous animal very much 
like the cuttle-fish, but provided not only with a solid firame* 
work for the attachment of muscles, but also with an appa- 
ratus like that possessed by the nautilus and ammonite. 
The animal, appears, however, to have combined also in- 
some degree the characteristic peculiarities of several of the 
more highly organized genera of cephalopods, and peiiiaps 
was fitted for a condition of the sea in which the enemies 
of such an animal were more numerous and powerful, and 
its food less easily obtained, than is the case at present. > 

It is now known that the animal of the Belemnite was 
naked, or rather that it was enclosed within a muscular 
sheath, which formed a closed sac or bag terminating above 
with the head. From around this eight arms proceeded, 
whose length in the species examined seems to be about 
one-fourth part of the entire length of the animal; and each 
arm was provided with from fifteen to twenty pair of hooks 
resembling those now seen only in the most powerful and 
the fiercest of the whole tribe of Cephalopoda, and used to 
pierce the flesh of fishes and other animals, in order to 
secure firm hold when the Belemnite was about to seize its 
prey. 

The head was provided with very large eyes : the jaws 
were probably homy: and, besides the eight arms, there 
seems to have been one pair of long tentacles. Far down 
below the head, and within the cavity of the shell, there 
was placed an oval sac containing black fluid, communica- 
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ting by a tube witb the aperture. This fluid exactly re- 
sembles the ink of the common squid ; and there can be no 
doubt that it \was used by the animal in the same way, and 
for the same purpose, namely, to darken. the water when its 
possessor, be.coming alarmed, desired to escape. The ink 
itself in a solid state, the bag which contained it, and the 
tube or pen by which it was shot out into the water, are all 
preserved in some of the specimens of this fossil. 

The mantle of the Bel'emnite, passing over the guard or 
shell, seems to have accommodated itself to the shape of 
the shell, and terminated in a blunt point. Two fins, how- 
ever, of a rounded form, and of considerable size, extended 
•on each side near the middle of the animal. From this 
position of the fins, from the shape of the shell, and from 
tts general structure, it has-been concluded that the animal 
commonly remained in a vertical position, rising and sink- 
ing with great facility, and possessing very unusual powers 
of locomotion and destruction. 

The larger belemnites, as well as the ammonites of this 
period, must have attained very gigantic dimensions com- 
pared with theiff subsequent or previous size, and compared 
with the ordinary inhabitants of the sea. Few fishes, per- 
haps, could have escaped them except the larger sharks ; and 
even the young icbtbyosaurs, plesiosaurs, and other reptiles, 
may hav^ fallen a prey to these rapacious and terrible mon- 
sters. 

Fishes of various kinds were manifestly very abundant 
during the period we are now eoosidering ; but, except the 
shark tribe, we have no knowledge of the existence of any 
of large size. Those of which the remains are most com- 
mon were enclosed in enamelled plates or scales of consi- 
derable proportionate size, anxl they possessed powerful 
teeth, enabling them, to prey on the Crustacea and on each 
other^ a& well perhaps as on the stony Radiata. Another 
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group of fishes provided with sharp conical teeth, and be- 
longing to the sauroid family, were mostly small, but in- 

Fig. 73 




ASPID0RH7NCHUS« . 



elude some interesting species with very long snouts (see 
fig, 73.) These, no doubt, were rapid swimmers,, while- 

Fig..7A 



Lepidotu^.. 

the former were probably slow and heavy in their move- 
ments. One of the more common forms of the latter is 
represented in outline in figune 74. 

Reptiles abounded throughout this period, and exhibit 
many forms no less interesting than they are remarkable. 
Many of them seem to have been more or less exclusively 
marine in their habits, but many others were partly, and 
some entirely, terrestrial ; these latter exhibiting peculiari- 
ties of structure which render them well worthy of minute 
description. 

The reptiles of the oolites include one genus strictly ma- 
rine in addition to the Ichthyosaurus and Plesiosaurus ; and 
there were also several animals of the same tribe whose 
habits were aquatic^ although, fi-om peculiarities of structure, 
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they are referred to the crocodilian group. These chiefly 
resemble the crocodile or garial of the Ganges, a species 
especially organized for the capture of fish. There are also 
several others exhibiting analogies with existing crocodilian 
reptiles. I shall not, however, dwell on the slight differ- 
ences of structure by which this group is characterized, but, 
after saying a few words concerning the third true marine 
reptile, and a gigantic whale-like reptile called Cetiosaurus* 
proceed at once to some species still more gigantic in com- 
parison, which at the same period inhabited the land. 

Associated with the remains of the long-necked plesiosaur 
there are found in some of the clay beds of the oolites the 
teeth and bones of several species of animals very nearly 
allied to that genus in many important characters, but of 
enormously greater size. These species seem to have been 
intermediate between the Plesiosaurus and Ichthyosaurus, 
the teeth, vertebrae, bones of the extremities, &c., being 
more like the corresponding parts of the former, but the 
animal resembling the latter in the absence of apparent 
neck. For these reasons the genus has been named 
Plio$aurus,\ 

One of the most remarkable of the numerous crocodilian 
reptiles, — a natural group, which, though not first intro- 
duced into the earth in the middle secondary period, yet 
seems then to have attained in all respects its chief deve- 
lopment, — was the CetiosauruSj already alluded to. This 
animal, rivalling the largest whales in bulk, seems to have 
been of strictly aquatic, and most probably of marine habits, 
and was indeed closely allied to the group of true marine 
reptiles. In this genus, too, was combined a broad vertical 
tail and extremities developed into webbed feet, the toes of 

* KjfToc (cefM,) a whale ; fAupoc (sauros^) a lizard or saurian. 
t TlKtmt (pleiofi,) more ; ravpoc (sauroB^) a saurian : haTing greater 
analogy with reptiles than the plesiosaurs. 
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which ivere terminated by strong claws, probably assisting 
the animal in taking its prey. Nothing is known of die 
teeth or skull, but there is no doubt that the habits of the 
genus must have been strictly predaceous. 

About the middle, or perhaps before the middles of the 
secondary period, there existed a considerable tract of dry 
land, so near what is now England tibat the remains of the 
animals dwelling there could be deposited at the bottom of 
^he sea, and this in a condition admitting of their being 
almost instantly embedded and preserved. One bed in 
particular of the oolitic series, occurring at Stonesfield, near 
Oxford, has received remains of this kind in comparative 
abundance ; and we find in it, associated with marine siiells, 
several fruits, leaves, and other fragments of vegetable 
origin, several wing-cases and other parts of beetles and 
flies, some very singular bones of small size, belonging, it 
would seem, to a flying reptile, and others of gigantic pro- 
portions, referred to large land reptiles ; but these latter 
were exceedingly unlike the land reptiles at present exist- 
ing, and exhibit curious analogies with the gigantic living 
pachydermal mammals, such as the elephant, rhinoceros, 
and hippopotamus. Lastly, there are found in these beds, 
though so rarely that but three or four instances are known, 
the remains of small warm-blooded quadrupeds supposed 
to be referable to insectivorous didelphine animals like the 
opossum, whose nearest living analogue is to be found in 
America and the Australian continent. 

Let us first consider briefly the climate and terrestrial 
flora indicated by the organic remains, as fiir as the plants 
will enable us to judge. 

The first thing that strikes us with regard to these fossils 

is that they belong almost entirely to the family of Cycadeje, 

none of which are now indigenous in Europe, although they 

are found in abundance in sub«tropicaland south temperate 

13 
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latitudes. They resemble the palms in many respects, but 
also possess analogies with the large and important group of 
Conifera^ while they imitate the ferns in the mode in which 
the leaves are curved up at their extremities, and partly in 
the leaves themselves. Of the whole group, the Cycas and 
Zamia are considered to be those offering the nearest re- 
semblances to the extinct species. The former, the Cycas, 
of which a South African species is represented in fig. 75, 
exhibits a crown of foliage at the summit of a simple cylin- 
drical trunk of considerable height which has no true bark, 
but is surrounded by scales originally the bases of leaves; 
the latter is generally shorter, and the mass of woody matter 
whence the leaves rise is less decidedly a trunk. So far as 

Fig. 75 Fig. 76 



Recent Cycas. Cycadeoidea. 

we can judge from the remains found fossil (see fig. 76,) the 
climate was probably warmer during the oolitic period than 
at present, but it certainly differed in many respects, and 
possibly more resembled that of New Zealand than of 
England. 

The land reptiles, detached fragments of which are all ' 
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that remain to assist us in re-peopling the ancient shores thus 
clothed with cycadeous vegetation, were of sufficient mag- 
nitude and importance in the scale of creation to require, in 
all probability, numerous cootipanions on the earth, although 
few of their remains have yet been laid bare. One of the 
genera has received the name Megalosaurus* from its gi- 
gantic size, although the size is, in some respects, the cha- 
racter of least importance. 

The jaw, or radier the fragment of a jaw with teeth (fig. 
77,) a few vertebrae, and some of the bones of the extremi- 
ties, form the scanty amount of material for the description 
of this animal; but these remains are enough to enable the 

Fig. 11 




Mboalosaurus. 
Portion of the Lower Jaw. 

comparative anatomist to decide widi certainty with regard 
to several most important characters, and they suggest in- 
quiries and probable conditions of the skeleton, of which 
the conectness may be tested by future discoveries. 

The tribe of lizards, one of the most important of the 
existing reptilian groups, forms a link in the chain by 
which the animal now under discussion was connected 
with known forms; but, although analogies unquestionably 

♦ Mi>^ (me^f,) great j riupfoc (wruroi,) a liaard. 
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exist between the lizard and the Megalosaurus, and ako 
between this animal and the crocodiles, there jet remain 
mariced and peculiar characters separating it from both. 
It isiaow GOnadered as one of an extinct family, super^^mi- 
nently remarkable for the great height at which all the spe-> 
cies stood » above the ground in proportion to all other 
reptiles ; and the height is indicated not less by the actual 
size of the bones of the extremities, than by the provision 
made in the skeleton to resist the pressure of an enormous 
weight. 

The Megalosaurus was a gigantic carnirorous land rep- 
tile, its body being of enormous size. In all probability it 
was not, like the crocodile, clothed in scaly armour, but it 
stood with its whole body considerably above the ground, 
in bulk and general appearance rather resembling the hip- 
popotamus than the gigantic alligators of the present day. 
It was most likely provided with a true reptilian tail, whose 
length was considerable, although not nearly so great in 
proportion as that of existing crocodiles and alligators. 

The form of the fragment of the Jaw which has been pre- 
served (fig. 77) marks in some measure the shape of the 
head, showing that it was terminated by a straight, narrow, 
and long snout, not tapering, but compressed laterally. 
The teeth were of moderate sise. They formed, however, 
strong and powerful cutting instruments, for the fore part 
was sharp and jagged, and the hind part much thicker and 
blunt, while ample provision was made for a constant suc- 
cession during the whole lifetime of the aninal. 

The vertebrae aie somewhat peculiar in form, and present 
nearly flat surfaces to one another ; but it is chiefly one 
group, consisting of five, firmly cemented together into a 
solid mass, and distributing the "weight of the body upon 
the hinder extremities, that forms an exception to the ordi- 
nary reptilian character. Except the m^alosauF, and the 
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two or three extinct species now grouped with it, and be- 
longing to the same period, no reptile has more than two 
bones cemented together for this purpose ; and this is found 
sufficient, because much of the weight is supported directly 
upon the ground either by the body or tail of the animal. 
On the other hand, all the heavy land quadrupeds exhibit 
great strength and solidity in this part. It is interesting to 
find the long and powerful extremities of this monstrous 
reptile of the Oolites thus combined with a structure alto- 
gether different from that of other reptiles, but manifestly 
related to its habits. The vertebrae of the Megalosaurus 
thus united are not in a straight line, but describe a gentle 
curve with the concavity downwards. 

The bones of the extremities are long, large, and hollow, 
resembling in this the corresponding bones of land quad- 
rupeds. They exhibit, however, a mixture of the charac- 
ters observed in the crocodile and in some lizards. They 
are so large, compared with the bones of animals most 
nearlyallied, that, if the same proportions had held through- 
* out, the Megalosaurus might be compared with a crocodile 
of sixty or seventy feet long, did such a monster exist ; but 
the whole structure of the animal indicates considerably 
greater bulk and height in proportion to length than is seen 
in other reptiles. The real length was probably about 
thirty feet, the trunk being broad and deep, the tail com- 
paratively short, and the limbs unusually long. We have 
no means of deciding in what manner the tail waid carried. 

The gigantic land reptile of the oolites was accompanied 
by another, and still more oddly constituted animal, con- 
necting the reptiles with birdis in a manner not less remarka- 
ble than that by which the megalosaur unites them w]th 
quadrupeds. The animal is called Pterodactyl* and is a 

* IlT^oy (j^eron^) a wing; ^tuurvxos {daetylus^) a finger : from its mode 
of flight. 
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true flying reptile (fig. 78.) It exhibits, however, in the 
various parts of its skeletoa such strange resemblances to 

Fig. 78 



Pterodacttl. 

other and very widely separated groups, that it was suc- 
cessively described as a bird and a bat, before it was ac- 
knowledged according to its true analogies ; and this not 
without some ground, since the mistake arose from the pre- 
sence of peculiarities of structure considered in each case as 
characteristic of the two great classes of Vertebrata to which 
it was referred. It is, perhaps, the most extraordinary of 
all the beings of whose former existence the study of fossils 
has made us aware, and is that which if living would appear 
most unlike any thing that exists in the known world. 

In the external form of the body the Pterodactyl probably 
resemble the bats or vampires ; and some of the species 
attain the size of a cormorant, although others were not 
larger than a snipe. The resemblance, however, to the bat 
tribe, was limited to the form of the body, for the head was 
totally different, the snout being enormously elongated, and 
the eyes exceedingly large ; while the organs of flight or 
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wings were even more powerful in proportion, and the legs 
were probably capable of being used in the water, assisting 
the animal to swim. The neck, also, was long, and like 
that of a bird. Let us now consider a little more in detail 
some of the peculiarities of structure of this strange monster. 

In the first place, the skull, far from resembling that of a 
bat or bird, resembles in its general proportions, and even 
in some points of detail, that of the crocodiles ; and the 
reptilian analogies are completely preserved in the position 
and small size of the cranium, and in the enormious prolon- 
gation of the snout. The lower jaw is not less reptilian, 
* and is provided, as well as the upper jaw, with a long row 
of powerful teeth implanted in sockets, and successively 
replaced as they were worn and lost. The number of 
these teeth was about sixty ; they are conical like those of 
the crocodile, but larger compared with the size of the jaw. 
The whole of the proportions of the head indicate a creature 
of great strength, capable either of darting down upon fishes 
or preying upon the smaller land animals. 

The neck of the Pterodactyl, although it contains only 
the usual number of vertebrae (seven,) must have been of 
great length, and well fitted to support and move the pow- 
erful head just described ; but an unusual provision is ob- 
servable in the neck, assisting to give additional strength to 
the head, a set of bony tendons running along the vertebrae 
for this purpose. The length of the neck corresponds with 
what we see in birds, and indicates a perfect adaptation of 
the animal for rapid and long-continued flight. In one 
specimen the head is thrown back so far, that the base of 
the skull almost touches the tail, without the bones appear- 
ing to be in an unnatural position. 

The number of vertebral bones in the back is very con- 
siderable, and nearly three times that of birds. In this re- 
spect, and in the thread-like form of the ribs, so unlike the 
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broad and flat plates of bone exhibited in birds, tbe analo- 
gies are \vith the lizard tribe; but, on the other hand, the 
tail possesses only t^trelve or thirteen rertebrse, and so far 
is bird-like. 

But it is chiefly in the bonesof the extremity, by means 
of which the animal was enabled to fly, at the same time 
retaining the power of walking and in all probability of 
swimming, that we find the most singular of the mechanical 
contrivances, and observe a structure different from that of 
any other species, either living or extinct. 

The bones which support the wings of a bird exhibit, in 
spite of great external difference, a good deal of similarity ' 
to the bones of the fore extremities of quadrupeds, and 
even reptiles ; and it might have been expected, that, in 
adapting a species of either of these latter classes for flight, 
and enabling it to live chiefly in the air, similar modifica- 
tions would have been adhered to. But the fact is not so. 
The wings of a bird owe a great part of their efficacy to the 
feathers with which they are covered; and as it did not 
enter into the plan of nature to provide quadrupeds or rep- 
tiles with these appendages, other mechanical contrivances 
are resorted to by which the power of flight is obtained, 
and the common integument preserved in the bat and 
Pterodactyl. 

In bats, which are flying quadrupeds, this modification 
consists in the extraordinary development of all the fingers, 
upon which skin is stretched like the silk on the rods of an 
umbrella ; and this skin extends not merely between the 
elongated fingers, but also from the last finger to tbe legs 
and feet, and so to the tail. The thumb is partially left 
free, and serves as a hook by which the animal suspends 
itself; but the toes are exposed, and are moderately long. 

There is no really flying reptile now existing, but in one 
species (the Draco volanSy) whidi is able to support itself 
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for a short time in tbe air, there is a very imperfect flying 
apparatus, which chiefly acts as a parachute, supporting the 
animal in its long leaps. This consists of an expansion of 
the skin over a series of false ribs extending horizontally 
from the back bone. 

In the Pterodactyl, however, which is evidently and ex- 
pressly contrived for flight, a very singular contrivance is 
introduced, and it is one which seems to have ensured to 
the animal the power of walking and swimming, as well as^ 
flying (see fig. 78.) 

In order to effect this, the bones of the fore extremity, so 
fiir as regards the shoulder and arm-bones, the wrist and the 
hand, scarcely differ from the ordinary proportions of those 
bones in lizards, and correspond with the dimensions of the 
hinder extremity, so that up to this point there is no pecu- 
liar adaptation for flying. On examining the bonea of 
tbe fingers, however, we find that the number of joints inr 
that which corresponds to the little finger is increased to- 
fiye, and each joint is enormously lengthened. To the 
whole of the little finger, thus produced till it has become 
longer than the body and neck together, a membranous 
wing was attached, which was also fastened to the rest of 
the arm, to the body, and to a portion of the hinder ex* 
tremity. When, therefore, the arm was extended, the wing 
was not necessarily expanded, and only became so on the 
little finger being also stretched out so as to be at right 
angles to the arm; and the membrane was then nearly sur- 
rounded on four sides by bone. By this contrivance the 
necessity of employing the whole arm in the mechanism of 
flying as in the bird, or the whole hand as in the bat^ was- 
done away with, and the flying apparatus being confined to 
one finger, the arms and hands could be readily and conve- 
niently made use of like the corresponding extremities of 
other animals. 
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The great peculiarity, then, in the Pterodactyl, with re- 
gard to the organs of locomotion, is the freedom with which 
the arms and legs could act when the wings were not in 
use — ^and this extends even to the structure of the toes, 
which in the bat form only a single hook, but in the Ptero- 
dactyl were free, and would allow the animal to stand firmly 
on the ground, to walk about like a bird, to perch on a tree, 
to climb rocks and clifls, and possibly also to swim in the 
ocean. 

We have, therefore, in this singular genus an animal 
which, in all points of bony structure, from the teeth to the 
extremity of the nail;, presents the characteristics of a rep- 
tile, being even perhaps covered with scaly armour, and 
which was also a true reptile in the important peculiarities 
of the structure of the heart and circulating organs. But it 
^a^ at the same time provided with the means of flying ; its 
wings, when not in use, might be folded back like those of 
a bird ; and it could suspend itself, by claws attached to 
the fingers, from the branches of a tree. Its usual position, 
when not in motion or suspended, would probably be stand- 
ing on its hind feet, with its neck set up and curved back- 
wards, lest the weight of the enormous head should disturb 
the equilibrium of the animal. 

The remains of quadrupeds found associated with these 
anomalous and long extinct forms of reptiles, are hardly 
sufficiently perfect to enable us to determine except very 
generally the kind of animals to which they belonged, but 
they do not seem to present any wide deviations from the 
existing type. They appear to be marsupial in character, 
and to resemble most the tribe of opossums,* a fact no 

* The use of the pouch, the characteristic peculiarity of structure in 
marsupials, may possibly be connected with the condition of the land 
which animals so provided usually inhabit There is reason to suppose, for 
instance, that a great part of Australia, where such animals are now chiefly 
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doubt sufficiently curious, but hardly affording evidence 
enough on which to base any speculations concerning the 
nature or extent of the land, or the possibility of other 
quadrupedal associates. The animals in question were no 
doubt insectivorous ; and, as the remains of insects hare 
been frequently obtained from the same beds, this is a point 
of some interest. It was certainly the case that a group of 
animals, the undoubted representatives of the highest class 
of created beings, was introduced into the world before or 
during this oolitic period, and it would be strange if such 
group, having been introduced, remained unimportant or 
actually disappeared. But judging only from the nega- 
tive evidence before us, something of this kind must be 
assumed, since there is subsequently frequent and distinct 
proof of the near presence of land, without any mammalian 
remains. It should not be forgotten, indeed, that of all 
animal remains, those of small quadrupeds mhabiting islands 
in a wide ocean, are the most likely to be lost, and that, 
in a case like this, negative evidence is really of very little 
value. 

The bones of true birds have not yet been found in any 
formation older than the chalk, but we have already seen 
that there is good reason to believe in the existence of 
such animals at least as early as the new red sandstone, the 
footmarks in beds of that age both in America and England 
affording evidence to this eifect. Now, if birds existed 

foand, is remarkably exposed to drought, and that there are in that country 
large tracts deprived of rivers and laites, and in which comparatiYely few 
springs of water exist in the interior. The uiimals being thns obliged 
to carry their young for long distances to obtain the necessaries of life— 
Ibod and water— need the singular provision accorded them for this pur- 
pose. This view is not inconsistent with the presence of gigantic reptiles 
inhabiting the land near the sea-ooast, although no such reptiles exist at 
present in Australia, 
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during the new red sandstone period, it is most likely that 
they also were continued from that time without interruption. 
With regard to this subject, it must, however, be acknow- 
ledged as one on which it is easy to speculate, but on which 
speculations are nearly useless. 

There is nothing in the distribution of the fossils which 
entitles us to assume the total completion of one series of 
operations, and the commencement of another, between the 
deposit of any of the oolitic beds, commonly so called ; nor 
does it appear that any great and sudden changes took 
place, at least till after the termination of the Wealden de- 
posits. The latter present to our notice some additional and 
remarkable species of animal remains; but this is not 
astonishing, since the beds are extensive and of fresh^water 
instead of marine ^origin. On the other hand, many species 
are continued into the Wealden beds from the oolites; and 
some pass through that series, their remains appearing again 
in the newer sandy beds at the commencement of the cre- 
taceous period. The local deposit called " Wealden," as 
it is seen in the south-east of our island, possesses great 
interest, arising from the presence of a series of fresh- water 
fossilliferous beds, chiefly of sand with imperfect bands of 
shelly limestone, terminated by a thick deposit of clay. The 
main interest arises from the fact that these were probably 
formed in an estuary, or at the mouth of some great river, 
and therefore in the immediate vicinity of a tract of land. 
Fresh-water shells and crustaceans, together with land 
plants, insects, &c., are here associated with fishes, which 
may, indeed, have lived in an estuary, but which present 
no distinct mark of fresh- water origin. Here, once more, 
we meet with land reptiles associated with aquatic croco- 
dilian genera; and some of these land reptiles, like those of 
the older period, exhibit a remarkable resemblance to the 
pachydermal quadrupeds, extending, indeed, in this case to 



Digitized by CjOOQ IC 



OF CREATION. 205 

the possession of distinctly herbivorous habits. These spe« 
cies, again, are not alone — they are associated mih the reiy 
same gigantic carnivorous land reptiles met with in the 
oolites, and the singular flying reptiles already described ; 
but, although the quarries have been diligently searched, 
and the evidence carefully collected, there has not hitherto 
been obtained distinct proof of the presence of birds, and 
there is no trace, not even the sli^^test, of any true quad* 
ruped. 

The gigantic companion of the megalosaur, during the 
Wealden period, has received the name of IguanodanJ* It 
is known to us by the teeth and a considerable part of the 
skeleton ; but, unfortunately, there has not yet been found 
any portion of the skull sufficiently perfect to be absolutely 
identified with the other bones. 

The teeth of the Iguanodon (79, 80, 81) are partly com- 
posed of bone, gradually becoming softer from the edge 

Fig. 79 Fig. 80 Fig. 81 






IcruANODOir. 
Teeth in difiereat Stages of Growth. 

inwards, and partly of enamel, by which they are surround- 
ed ; the result of ihis contrivance being the formation of a 

* Jlguana a recent West Indian lizard; oSeve {odous,) a toolh : from the 
resemblance of the teeth to those of the igaana. 
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slant surface of the crown of the tooth, and therefore of a 
sharp cutting edge. While young, the tooth presents a 
sharp cutting edge, and is lancet-shaped (81:) as it grows 
further out from the jaw, it assumes the form seen in fig. 
80, and is then a powerful instrument, well adapted to 
separate tough vegetable fibres; while in its most ad- 
vanced state (79) it ceases to be adapted to this pur- 
pose, but is strong and flat, and at the same time 
uneven, the pulp of the tooth projecting from the surface, 
which is worn so as to be nearly horizontal, and forming a 
transverse ridge. The teeth therefore begin by being in- 
cisors, and in the c'ourse of time, as they become worn, 
they pass into the condition of grinders, — a curious change, 
providing for the animal a perpetual supply of teeth of all 
kinds, some enabling it to nip off tough vegetable food, and 
others helping to grind that food properly before it is com- 
mitted to the stomach. 

The vertebral column of the Inguanodon is on a scale com- 
mensurate with the vast bulk of the animal. The vertebrae 
themselves have nearly flat surfaces, and are larg^ and some- 
what wedge-shaped, exhibiting rather crocodilian than lacer- 
tian analogies, although essentially different from both those 
types of structure. The neck is not known, since no vertebrae 
have yet been found belonging to this part. The sacrum, or 
that part of the back-bone, cemented together to distribute 
the weight of the body on the hinder extremities, includes 
five vertebrae, as in the megalosaur ; and in one specimen 
this continuous solid ridge of bone measures seventeen 
inches in length, and its breadth, though only eight inches 
at the fore part, becomes as much as thirteen inches towards* 
the hinder part. The magnitude, both in diameter and 
length, of the thigh and leg-bones, corresponds well with 
fhe large portion of the spine thus grasped, as it were, by 
the bones of the pelvis, and strongly points to the terres- 
trial habits of the animal. The total leneth of the extremi- 
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ties seems, in some cases, to have exceeded eight or even 
nine feet, and the bones of the foot are gigantic even be- 
yond the proportions thus indicated, since one of the sepa- 
rate bones measures thirty inches in length, and the last 
joint of the toe, to which a claw was attached, is five 
inches and a half long. There was thus an ample base for 
the vast column supporting the body. 

The tail of the Iguanodon was probably very much 
shorter in proportion than that of crocodiles, and was very 
dissimilar. It must, notwithstanding, have been large, and 
flattened laterally, being of considerable breadth in the ver- 
tical direction near its attachment to the body. The ribs 
were unusually large, broad, stout, and long, forming a 
strong case for the huge abdomen. They also extended 
very far forwards. 

The general dimensions of the Iguanodon, though un- 
doubtedly very enormous, have often been greatly exag- 
gerated, since it has been assumed, that, in order to arrive 
at these dimensions, it was only necessary to compare the 
proportions- of any part with those of the corresponding part 
in the species supposed to be most nearly allied. The pro- 
portions in this genus, however, must have been very dif- 
ferent from those of lizards and crocodiles ; and, while the 
bones of the extremities were perhaps six or eight times larger 
than those of the tnost gigantic alligator, the whole length of 
the Iguanodon is not likely to have exceeded thirty feet. 
Even then, however, allowing about three feet for the head, 
and assuming that the neck was short, and that the tail was 
about thirteen feet long, which it is calculated would be the 
extreme size, we still have a length of twelve feet for the 
body, and this is much more than is seen in the trunk of 
any living animal. The body being of this length, and 
perhaps of more than corresponding bulk, and liiled many 
feet from the ground, reaching perhaps to the height of 
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twelve or fifteen feet,* must indeed have been sufficiently 
monstrous, and departed widely enough from any known 
animal to justify the accounts that have been given of its 
strange and marvellous proportions. 

The HykBosauru$\ was another land reptile supported on 
long, legs, and of massive proportions ; but it differed in 
some important characters from the Iguanodon, and by no 
means attained such large dimensions. A considerable part 
of the skeleton of this animal has been found, and is pre- 
served in the British Museum, but, unfortunately, these 
fragments do not include either the skull or teeth, or, in- 
deed, any thing that can indicate the manner of arrangement 
of the teeth in the jaw, although it is probable, from other 
parts of the body, that they approximated in this point to 
the lizard type. The animal was probably about fifteen 
feet long, and of a height proportioned to that of the me- 
galosaur. It was covered with a scaly armour, the plates 
being oval or circular, and therefore not fitting one another, 
but studded in unconnected order over the surface of a 
tough skin. It has been supposed by Dr. Mantell, that 
certain broad bones found with the skeleton formed a fringe 
on the back of the animal, but Professor Owen has sug- 
gested that they may, with greater probability, be ribs which 
defended the abdomen, analogous to a corresponding con- 
trivance in the Qmithorhynchus. 

Reverting now to the Megtdosaunu^ which, in some of 
the important characters I have referred to, is nearly allied 
to the Iguanodom and HyheosauruSy it appears that these 

* The taUett livisg elephant rarely if ever attains the height of eleven 
feet. Out of eleven hundred, from which the tallest were selected and 
measured with care on one occasion in India, there was not one that 
equalled eleven feet 

1 rx«jof {kylaoB,) a wood ; tttvfmf (sottrot,) a reptile. The reptile of the 
woods or wolds of Kent and Susiez. 
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three form a natural and well-marked groap of reptiles now 
entirely extinct, combining a complicated method of im- 
planting the teeth in sockets, with limbs of gigantic size 
and strength, sustaining a bulky trunk by a long arched 
sacrum firmly cemented into a bony ridge. jThese modifi^ 
cations of structure, the most perfect yet discovered in rep- 
tiles, are found in animals which attained colossal dimen? 
sions* and must have played a conspicuous, part during the 
middle secondary period, as well in the character of car- 
nivorous as herbivorous animals. They seem, indeed, to 
have been the most important members this earth has ever 
witnessed of that great natural class of cold-blooded ovipa-- 
rous animals which we call reptiles** 

And these animals were by no means rare during their 
period of existence, for, with regard to the Iguanodon, 
alone, fragments of not less than seventy individuals appear; 
to have come under the inspection of one person (Dr. Man- 
tell) within a few years, all of them having been > extracted: 
from a few quarries of Tilgate grit, opened.for road-making 
and for the supply of rough stone for building purposes. 
There is no reason to suppose that- the species in question 
was confined to this locality, or was more abundant there 
than elsewhere, nor that it was limited to the Wealden dis- 
trict as exhibited in the south-east of England, where, it 
must be rememb^red^ the strata have a vertical thickness of 
not less than a thousand feet. 

It is, no doubt, difficult to confine the imagination within 
due bounds when we endeavour- to recall scenes enacted 
during the earlier periodssof the earth's history, and to pic- 
ture these past events wkhout running into extravagance, 
and without ovexstepping the limits of simplicity and pro- 
bability, which should always. characterize natural history. 

» Qwen'8 "Report;; an<« eU. p. 195. 
14 
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I will, however, notwithstanding the difficulty and danger, 
venture now, in concluding this chapter, to shadow out to 
the reader a few descriptive scenes, which may serve to 
give a better definition to the views he may have derived 
of the remarkable geological epoch described in the present 
chapter. 

I think there is no doubt that we ought to regard the 
whole of the oolitic series from the lias to the chalk as, one 
distinct period involving many great changes, but still well 
marked throughout by its own group of vegetables and 
animals successively developed or successively introduced. 
Taking this view, we may recognise in the vast variety of 
created beings thus grouped together, one unbroken series, 
affected from time to time by local circumstances and con- 
ditions; and I venture, therefore, to picture the various 
members of this series, without special reference to those 
beds in which they seem to us now to be most abundant, 
because I doubt whether in many cases we are at all able 
to decide upon such a point for want of evidence. The 
time during which the oolitic period lasted was, however, 
sufficient for the destruction of many species, and the intro- 
duction of an equal or greater number of new ones ; and I 
only question the fact of any sudden or considerable change 
of this kind being distinctly indicated by the fossils of any 
known locality. 

The great deposit of calcareous mud, which has been 
described under the name of lias, and which is so richly 
loaded with interesting fossils, does not pass by any sudden 
change into more calcareous beds, and so into limestone, 
but first of all seems to have become more sandy. The 
sand is oAen loose and micaceous, and it probably assisted, 
by forming a sea-bottom so entirely different from the lias, 
to change the inhabitants of that sea-bottom, and produce 
the necessity for the introduction of a distinct group. This 
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is the more probable, since we find that the free swimming 
animals, such as the belemnites, were little or not at all altered, 
while the upper lias sands contain but fe^ fossils of attached 
animals, and these afterwards^ give way to oolitic Species. 

The first change, therefore, announcing the introduction 
of the oolitic period may have been a depression of the 
coast line of the liassic sea, altering the conditions of life 
by changing at once the depth and the nature 6f th6 sea* 
bottom, and permitting a deposit of sand to covet the clays 
of the lias as yet imperfectly hardened, and form a basis for 
the great deposit of limestone about to be super-imposed. 
As we know, from the position of the lias with respect to 
the underlying red sandstone, that land probably extended 
not only to the west of England, and therefore into the pre- 
sent Atlantic Ocean, but also in various patts of itiodern 
Europe, we may understand that there may have been 
many islands in the intermediate sea, even if the depression 
in one part was not accompanied by Corresponding eleva- 
tion in another. 

However this may have been, the lias sea-bottom was 
succeeded, as we have said, first by a sandy, and then by 
a calcareous bottom, and the inhabitants were modified ac- 
cordingly. Soon a deposit of nearly pure carbonate of lime 
was formed under circumstances which allowed it to collect 
round minute organic particles, and form the peculiar stone 
we designate oolite; and this deposit was repeated, not in- 
cessantly but at intervals, during the whole of the rest of 
the period of the marine deposits. The conditions being 
favourable for the existence of such animals as shell-fish, these 
were developed abundantly, and for a long time their dead 
and broken shells accumulated, forming at length complete 
and thick bands of shelly matter, which afterwards harden- 
ing became shelly limestone. The seas atthis time abounded 
with fish, amongst which were many species adapted to feed 
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on moUusca, crabs, and lobsters, most of them being of 
small size, but provided with solid plates of enamel on the 
palate, enabling them to crush the hard shells of the ani- 
mals on which they fed. In the older beds little coral ap- 
peared, and we find few remains of large animals, either 
fishes or reptiles. For a long time, allowing of the depo- 
sit of near three hundred feet of strata in great part fossili- 
fierous, and almost uniform in character over a considerable 
extent of country, there were no important changes, but the 
evidence that we at present possess, although imperfect, 
renders it not unlikely that depression might be going on at 
intervals. 

At length, however, and still in the early stage of the de- 
posit of the oolitic rocks, a bedof clay appears partially cover- 
ing the calcareous deposits in i the south and west of Eng- 
land ; and contemporaneously in other districts appears 
the '' Stonesfield slate," a fissile limestone already alluded 
to, occurring near Oxford, a somewhat similar slaty rag at 
Colley Weston, in Northamptonshire, and some gritty and 
shaly beds in the north of England, well seen on the coast 
of Yorkshire, near Scarborough, while there were also other 
beds occurring still further to the north at Brora, in Suther- 
landshire. The evidences of adjacent land are here not to 
be questioned, and we have now to consider what may have 
been the nature and condition of this land^ and its relation 
to the depositspreceding and succeeding the date of its for- 
mation. 

It is, on the whole, not unlikely that partial elevation of 
the sea-bottom was in som« way connected with the inte- 
resting set of phenomena now^ under discussion. The bed 
of clay first mentioned rests on tlie oolitic rock; and at the 
junction of the two there are vast multitudes of the remains 
of the Jpiocrinite^ a pretty encrinite, which appears to have 
b^en.d.estroyedi suddenly and. ia great multitudes, probably 
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by the same cause as that ivhich changed the nature of the 
material deposited. These encrinttes, therefore, were, at 
the same moment, destroyed and embalmed. The Brad- 
ford clay, as this bed is called, was a very local deposit. 

The land, in whichever directibn it extended at this pe* 
riod, probably included a considerable area, though, from 
the rarity of terrestrial fossils, it is pretty clear that it did 
not stretch away towards the east in the direction of the 
present continent of Europe. On the contrary, the exist-^ 
ence of marine but shallow-water fossils on the coast of 
Normandy, nearly identical with, and embedded under the 
same conditions as those in England, would rather seem 
perhaps to point to the south-west as the range in which 
we may expect to trace it. This land was clothed with 
vegetation, consisting chiefly of zamias, cyeadese, and such 
plants, and these, with ferns and coniferous trees, may have 
at once sheltered and provided food for the inhabitants. 
But what wei'e these inhabitants? In the deep forests we 
might certainly have seen large beetles; near marshy 
places many flies abounded, and a few small opossum-like 
quadrupeds tenanted the earth ; but with regard to other 
inhabitants of land and of the sea, our knowledge of exist- 
ing animals would hardly give yerjf definite information. 

But analogy will still teach much that is interesting and 
important even as to this point. Let us imagine ourselves 
placed on a projecting headland or hill of mountain lime*^ 
stone, anciently, as now forming a prominent and pic- 
turesque object, but commanding a view of the open sea, 
which then covered the greater part of our island. Placed 
in imagination in this commanding position, let us endea- 
•Your to recall the scenes once enacted near some tract of 
low flat land — a sandy shore of the oolitic period — on which, 
at a distance, a few solitary palm trees stand out against 
the blue sky, but which is backed by a more luxuriant 
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growth of pki^s and ferns, extending towards the interior, 
and erowning th« tops of distant high ground. 

The first objeet that attracts attention might be one of 
the crocodilian animals with its long slender snout, and with 
extremities admirably adapted for swimming, combining 
those pecuUarities of structure wHich distinguish the Tele<h 
saurus* This animal might be seen moving slowly, and 
not without difficulty, towards the water, but when there, 
darting abruptly along, pursuing and devouring the small 
fishes that swarmed about the shallows; these fishes, 
du^sh in their nature, and chiefly feeding on the moUusks 
which inhabit near shore, fiilUng a ready and abundant 
prey. Many other crocodilian monsters, of similar habits, 
but more or less adapted for a marine life, might also have 
been seen wandering about seeking and devouring food. 

While, however, this was going on in the near vicinity 
of land, our supposed position would enable us to watch 
also the open sea at a little distance. Here we could not fail 
being struck with that most gigantic of all reptiles, the Ce- 
imaurus (see ante, p. 192,) easily recognised by the dark 
outline of its huge head raised partly above the surface to 
enable the animal to breathe, while at the distance of some 
twenty yards from this would be seen its great fish-like tail. 
Could our power of vision enable us to see beneath the 
surface, there might also be observed those singular 
webbed feet, and enormous toes armed with long power- 
ful claws, which so strikingly characterize this creature. 

But another of the monsters of the deep demands our 
notice— a truly marine reptile-^gigantic in its proportions, 
admirably adapted fpr capid. motion, and combining some 
of the terrestrial ^nd crocodilian peculiarities of the long-, 

* This animal must have very closely resembled the narrow-snooted 
garial of the Granges, but its eztremittes were better adapted for swim- 
ming. 
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necked Plesiosaurus, with the compact proportions of the 
great fish-lizard. Its huge crocodilian head contrasts 
strongly with the porpoise-like body, which is attached 
without any intervening neck ; and its powerful elongated 
extremities make up for the absence of a vertical tail-fin. 
The sharks, which were still abundant and powerful, and 
even the Ichthyosaurus itself, could scarcely have escaped 
from these terrible enemies. 

• Having thus obtained glimpses of the sea and its inhabi- 
tants, let us next turn our attention to the adjacent land. 
The long-snouted and other crocodiles, which have gorged 
themselves with fish in the shallow water, now sleep half- 
buried in the muddy and naked plains on shore. Some of 
them, eighteen or twenty feet long, advance on land with 
difficulty, their extremities being far better adapted to 
swimming than walking. 

Presently a noise is heard, and a huge animal advances, 
whose true nature and habits we are at first at a loss to un- 
derstand. In its general proportions it is far longer and 
also taller than the largest elephant;^ its body hangs down 
near the ground, but its legs are like the trunks of great 
forest trees, and its feet form an ample base for the vast 
columns which press upon them. Instead of long tusks, 
large grinding teeth, and a trunk like that of the elephant, 
this animal has an exceedingly elongated and narrow snout, 
armed throughout with ranges of sharp and strong knife- 
like teeth. The monster approaches, and trodden down 
with one of its feet, armed with powerful claws, or caught 
between its long and narrow jaws, our crocodile is de- 
voured in an instant. 

But there is yet another scene for us to contemplate; 
Still remaining at no great distance fi*om the shore^ but 
advancing inland towards the forest, let us watch the 
golden beetles, and the beautiful dragon-flies and other 
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insects, ds they flit past in all the brilliancy and cheerful* 
ness of luxuriant and untamed nature. 

The Idfty forest trees, perhaps not much unlike some 
exiting but southern pines, are woven together with thick 
underwood ; and the open country, wiiere it is not wooded, 
is brown with numerous ferns, still ftie preponderating ve- 
getation, and distributed in extensive groups. Here and 
there a tree is seen, overturned ani lying at its length upon 
1i>e ground, ]Nreserving its shape, although thoroughly rot- 
ten, a»d serving as the retreat of the scorpion, the centi- 
pede, and many beetles. A few quadrupeds not larger 
than rats, but of marsupiat structure, are dhstinguished at 
intervals, timid even in the absence of danger, and scarcely 
appearing from their shelter without great precaution* 
These feed upon the grubs and other insects living upon or 
burrowing into the ground. 

A strangely formed animal, however, is perceived run- 
ning along upon the ground : its general appearance in mo- 
tion is that of a bird, but its body and long neck, its head 
and wings, are not covered with feathers, but are either 
quite bare, or perhaps resplendent with glittering scales ; its 
proportions are quite unlike those of any known animal ; its 
head is enormously long, and like that of a crocodile ; its 
neck long and outstretched, or thrown back on the body ; 
its fore extremities have four free toes, but the fifth toe folded 
down on the body; its bind legs are short, and its feet 
perhaps webbed. This animal, running along upon the 
ground, pursues and devours the little quadruped we have 
been watching, and then perhaps darts oS* towards the sea 
to feed upon the fishes, which its peculiar powers would 
enable it to take, either pouncing upon and so transfixing 
the victim, or even occasionally wading or diving in search 
of prey. 

But we have not yet noticed the strangest phenomenon. 
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This mailed reptile, four of its fingers still free, but the fifth 
opened out, and by a connecting membrane forming a wing 
of very large size, rises into the air, and flits about or 
hovers Qver*bead, realizing and even surpassing, in the 
conditions of its existence, the wildest mythological accounts 
of flying dragons which we read of, or those representations 
which we see pictured by the pencil of the Chinese. There 
'is scarcely any freak of the imagination, however wild or 
vague, that does not seem surpassed by some reptilian reality 
during this remarkable period. 

Modified, no doubt, by considerable and even important 
^changes 4n matters of detail, but still remaining in all essen- 
'tial points fiie same, the picture thus given may be looked 
on as neither false nor exaggerated, however imperfect, and 
*as, to a certain extent, characterizing the whole of the long 
[period during which the oolites were being deposited. 
From time to time, in various places during this period, 
coral reefs were formed, mud-banks accumulated, and oc- 
casionally a considerable quantity of sand was also brought 
in ; and thus there went on a series of changes, resulting in 
the formation of many important beds of limestone and 
much clay, along a coast-line gradually advancing east- 
wards, and probably undergoing numerous alterations of 
level. 

At length this terminated, and a large tract of land was 
brought very near the present coast of Germany ; while, in 
central Europe, the sea was deepening, and scarcely even 
a chain of islands indicated the great mountain ranges of 
the Alps, the Pyranees, the Carpathians, or the Caucasus. 
At this time it is most probable that no great east and west 
subterranean movement had acted on the part of the earth's 
crust now above water in the northern hemisphere, and 
possibly the first intimation of such a disturbing force may 
be traced, though faintly, in the existence of a considerable 
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estuary, in which our Wealden beds were deposited. From 
the condition of the upper Portland beds, we find, that, just 
at the close of the oolitic period, there were very numerous 
changes of level induced over a small area in the south-east 
of England, then most likely not far from the coast-line of a 
large continent. 

Although, however, we have good proof of the existence 
of a considerable tract of land, the number of species of land 
animals preserved in the Wealden beds is exceedingly small, 
and the vegetable remains, though numerous, are nowhere 
abundant or greatly varied. They are, however, sufficient to 
prove that very little change had taken place since the 
commencement of the secondary epoch. 

With regard to the animals, we still find reptiles greatly 
preponderate, and almost all the principal forms still con- 
tinue. The great marine saurians, the carnivorous land 
species, and those adapted for flying, and the true croco- 
diles and animals allied to them, are chiefly abundant; but 
there have not yet been found any remains of quadrupeds, 
or any that can with certainty be referred to birds. Turtles 
and fishes of various kinds seem to have been very abun- 
dant, and besides these we have two new reptiles adapted 
for land, one of them, at least, being a true vegetable 
feeder. 

The atmosphere in the low flat district on this border of 
a continent, and near the issue of some considerable river, 
may possibly have been loaded with carbonic acid gas, the 
result of the rapid and constant decomposition of decaying 
organic matter in a damp swampy tract, and in this respect 
the condition may have resembled that now observable in 
the Sunderbunds, on the delta of the Ganges. 

Surrounded thus with a constantly renewed vegetation, 
in an atmosphere and with climatal conditions probably ad- 
mirably adapted to its habits, there existed another mon* 
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strous animal, more uowieldy even than the megalosaur, 
and treading doi^n whole forests in its advance, organized 
so as to clear away a portion, at least, of the results of a 
rapid growth of vegetable nfatter. This animal must have 
been very abundant near the spot where its remains have 
been met with ; it has not, however, as yet, furnished suf- 
ficient material to enable us to complete, even in ima- 
gination, its singular figure. It was accompanied by ano- 
ther monster, also of large size, and adapted to move about 
on land with its body high above the ground, but concern- 
ing whose general appearance we know even less than in 
the case of the Iguanodon. 

These animals may be considered with great reason as 
the true representative in time of some of the gigantic vege- 
table feeding quadrupeds of more recent geological periods ; 
and if this is the correct view, it becomes probable that 
more nearly allied species belonging to the class Mammalia 
were really absent. Even in that case, however, it is 
necessary to bear in mind, that, although absent in these 
latitudes, and in our European area, they may still have 
been abundant in other districts, and in tracts of land 
existing under diSerent conditions. 

The delta which bad so long been in course of for- 
mation, and on which so thick a bed of sandy detritus had 
been deposited, was at length concluded by a considerable 
bed of clay which covered up the sand. The land so long 
above the water again sunk far beneath its level, and the 
great ancient continent of Polynesia was obliterated during 
a long time, deep sea deposits being formed in the same 
tract, and extending with great unifornuty ov^r an area of 
many thousand square miles. 
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CHAPTER X. 

THB INHABITAMTS OF THE EARTH DUBIITO THB CRBTACB0U8 
PERIOD. 

The newest portion of the great middle epoch com- 
menced soon afler the termination of the deposits from that 
great river whose delta formed the Weald of Kent and Sus- 
sex, and traces of whose existence we find also in the Isle 
of Wight and on the coast of France near Boulogne. In 
the south-east of England^ by a gradual depression of small 
amount, a great tract, once the recipient of fresh water, 
sunk down and became once more subject to marine de- 
posits. This being the case, it is not wonderful that a great 
change also took place in the nature of the fossils, and that 
the whole of the fresh-water species disappeared, and were 
replaced by others adapted to the new and changed con- 
dition of things. A modification of this kind extended also 
over a wide area, reaching from England to the Caucasus, 
and perhaps continuing as far as southern India: a new se- 
ries of animals came into existence throughout the district, 
while a constant succession of alterations of the level of the 
sea-bottom sometimes produced slight elevations, but more 
frequently, and on the whole, considerable depression. In 
this way was marked the commencement of the new period, 
and during the early part of it the deposit of the bed called 
" lower green-sand." This bed is of moderate thickness in 
England, but of far greater importance in this respect in 
some parts of the Continent, where it is manifestly the re- 
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presentatiye of an extensive and long-continued series of 
operations. During this period the prevailing material de- 
posited was, in England, sand, varied occasionally by cal- 
careous and muddy bands, but on the Continent it includes 
many beds of limestone. The sands contain a good num- 
ber of fossils very distinct from those of the oolitic period, 
BO that the deposit of the Wealden beds had either occu- 
pied so long a time that the species in the neighbouring 
seas had died out and been succeeded by others, or else 
the commencement of the deposition of these beds had been 
marked by the introduction of a new series of typical forms. 

The deposit of lower greensand was probably made in a 
sea which in the south of England was either shallow, or 
at least not extremely deep ; and the bed of clay called 
gault, which rests upon the lower greensand, contains forms 
for the most part quite distinct from it. The group of de- 
pojsits called on the Continent " JVeocomian '' is nothing 
more than the typical form of these older or lower sandy 
beds, either immediately succeeding the Weald or resisting 
directly on the oolite, though not deposited on the latter 
beds till after a long interval had elapsed, during which, 
probably, the oolitic rocks had formed dry land. 

The gault, or blue clay reposing on the lower green-sand, 
is itself succeeded by another thin and less important bed 
of sand, also containing pale green particles, and for that 
reason called; ^^ upper green-sand ;" and this again gives 
place to thelower chalk. The upper green-sand is gene- 
rally barren of fossils, and was most likely formed rapidly 
in a shallow sea. After it was deposited the sea-bottom 
probably sunk more rapidly, previously to the great change 
indicated in the chalk beds above. 

The depression of the sea-bottom, which probably went 
OR, with few altematiowi of elevation, during the greater 
part of the deposit of ih^ «halk^ was a very impoctant phe« 
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Domenon, and altered, as may be supposed, tbe general 
character of the marine &una in almost every important re- 
spect. We at once lose the species usually predominant in 
shallow water and on a coast-line, and either obtain deep 
sea or free-swimming animals, or else find the deposit singu* . 
larly barren of all organic • remains. Bqt, as it is not to be 
supposed that a continued depression, amounting in the 
whole to many hundred fathoms, could take place without 
considerable effect being produced on the beds beneath the 
surface, and since such depression was perhaps accompa- 
nied by a partial upheaval in some other subterranean tract, 
it will not be thought extraordinary if the effects of subma- 
rine volcanic action are also met with connected with this 
period. Among such effects may have been the outpour- 
ing of large quantities of silica, either in solution in hot 
water, or thrown out in the state of vapour ; and in this way 
we may possibly account for the layers of flint alternating 
with the pure white carbonate of lime of which the chalk 
mainly consists. 

In the early part of the cretaceous period the animal 
kingdom was represented by species which exhibit striking 
differences when compared with those of the oolites, so far 
as the Invertebrata are concerned, while the same large ma- 
rine saurians seem to have been continued. This may 
readily be understood, if we suppose, that, in the interval 
between the deposit of the uppermost marine oolites and 
the lower green-sand there was an extensive tract of land 
at some distance from the districts examined. I know of 
no other hypothesis by which the facts can be explained ; 
and this view is extremely probable in itself, and answers 
the conditions of the problem. To this view I shall have 
occasion again to recur. 

When, however, towards the close of the deposits of 
green-sand, the sea began to deepen, the character of the 
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fauna also changed, and we find gradually fewer indications 
of the neighbourhood of land, either by firagments of land 
fossils, or by any indications of ^ose molluscous animals 
which prefer for their habitation the shallow water near a 
coast-line. The animals and other remains of greatest interest 
that we shall have to consider as characterizing the chalk 
are thus either free-swimming, or their nearest analogues 
are known to inhabit deep water. They inchide sponges, 
the minute animals called Foraminifera^ those still more 
minute microscopical animalcules called Infusoria^ various 
forms of encrinites and other Radiata, cephalopodous and 
other moUusks, a few ^shes, and some, but still fewer reptiles. 
Most of the species are peculiar to the formation, but there 
is a manifest approximation to the existing forms of animals, 
not only in those of low organization, but also in the fishes. 

In the most ancient seas we find abundant examples of 
the work of those singular beings, which, in spite of the 
continual encroachment of the waves, and in defiance of 
storms and external violence, have always been endowed 
with a rapidity of increase greater beyond comparison than 
that of the more highly organized animals. These little 
creatures have, in the lapse of ages, been enabled to build 
up the most solid and enduring monuments, and have con* 
structed mountains of coral limestone, which characterize 
each separate formation ; and some of their race continued 
throughout the secondary period in ithe part of the world we 
now inhabit. They were represented abundantly during 
the deposit of the chalk ; and a vast multitude of sponges, 
organic bodies even less advanced in the scale of organiza- 
tion, were spread over the sea-bottom, and appear to have 
been destroyed from time to time by sudden irruptions of 
chalky mud. 

The horny net-work commonly known as the sponge is 
nothing more than the frame-work of a very peculiar kind 
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of vegetable. The whole surface of a living sponge is 
covered with minate apertures, with large ones distributed 
at intervals, and the water is in some way made to enter the 
small pores in a continual current, which passes out again 
by those of larger size. It cannot be doubted that these 
currents are connected with the supply of nutrition ; but in 
what way the current is produced, or what are the actual 
conditions of existence^ naturalists have not yet been able 
to discover. 

The sponge as commonly known is made up of horny 
fibres, but a large number of varieties exist, in which spi- 
culae, or little needle-shaped crystallized particles of flint or 
carbonate of lime, separated from the surrounding water, 
replace these horny fibres, so that the frame-work becomes 
more or less entirely made up of them, and assumes a dif- 
ferent character. A body in this state when exposed to the 
influence of water in which siliceous or flinty matter is abun- 
dantly present, would, as we know by observation in simi- 

Fig. 82 



Fossil Sm>ir6E SpicuLiS. 

lar cases, attract to itself the particles of siliceous matter 
in the walier, and become fossilized and surrounded with 
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silica. Sach has been, peiiiaps, the history of those singu* 
lar layers of flint which characterize the upper beds of chalk ; 
and it is quite certain tfa^t careful examination under the 
microscope often shows rery distinctly in such flints a fine 
net- work of fibres like those which we know to exist in 
sponges. The previous figure (82) will give an idea of the 
appearance of such fibres in flint when greatly magnified. 

The forms of the sponges themselves are not unfrequent- 
ly preserved in that of the flint into which they are now 
changed, and in this way we occasionally find grotesque 
shapes resembling in form various familiar objects. 

In the sand associated with the chalk, the very spongeous 
bodies themselves, exhibiting on their surface the peculiar 
maiks and apertures characteristic of them, are also met 
with in a perfect state. The figure marked (83) represents 
a common form. 

Flints, when examined with the ^g* 83 

aid of a good microscope, not only 
exhibit a net- work of fibres, but also 
show entangled amongst the fibres, 
a vast multitude of exceedingly mi- 
nute bodies, the remains of a group 
of animals known to naturalists as 
'< infusorial animalcules," and of late 
years investigated with great care by 
M. Ehrenberg. 

The skeletons of these little crea- 
tures exist not only in the recesses 
of the chalk flints, but they also 
abound in many parts of the solid p 
matter of the chalk itself, so that a 
large part of this rock would seem to be made up of thef 
fragmentary skeletons of these most minute animals, whose 
15 
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very existence would be unknown to us without the asnst- 
ance of powerful microscopes. 

To give such an idea as can be conveyed by numbers, 
it will be sufficient to say, that, with regard to some spe- 
cies, as many as twenty-two thousand individuals might be 
placed in a row on a lipear inch of surface, while they are 
often crowded together so closely in putrid water, that one 
cubic inch of water in that state contains more of these ani- 
malcules than there are human beings on the globe. They 
increase, too, so rapidly, that, according to a calculation 
carefully made, as many as 800,000,000 may be derived 
from a single individual in the course of a month in sum- 
mer. The method of efiecting locomotion and obtaining 
food is not less singular and interesting in these animals 




Inpvsokial Animalcules.* 

than their minute proportions, and is derived from the pos- 
session of very numerous fine hair-like appendages called 
dliaj by the constant vibration of which a current is pro- 
duced in the water. 

* Fig, 84, Gomphoneroa. Fig. 85, BactUarU. Fig. 86, Navicula. 
Fig. 87, Xanthiditini. FSg. 88, GaillioDella. 
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* The shapes of the hard part or skeleton, of the animalcules 
found in the chalk, in flints, and elsewhere, are many of 
them extremely curious and beautiful. Some specimens 
appear to consist of tubes placed edgeways, and projecting 
one beyond another; others are also tubes, but placed pa- 
rallel one with another on long lines of fragile riband trans- 
versely to the direction of the riband (fig. 85.) Others, 
again, are oblong figures united at the edges ; while one 
group, more complicated than the rest, exhibits numerous 
projections of the most singular shapes {XantMdiumf 
fig. 87.) ' ., 

It cannot but be a matter of great interest to learn, if 
possible, the use of these minute animals in the economy of 
nature. That they are not merely accidents in creation we 
may be quite certain, and that they simply enjoy life, and 
do not contribute to the well-being of the whole, may be 
considered equally improbable, and too unlike the ordinary 
course of nature, to be admitted for a moment. All things 
work together, and we may, in all cases, safely inquire con- 
cerning the adaptation of any group, however minute or 
apparently unimportant it may at first appear. 

It has been ingeniously suggested by Professor Owen 
that these little creatures are the appointed devourers of 
organic matter immediately before its final decomposition 
into inorganic elements. " For consider," says he, " their 
incredible numbers, their universal distribution, their in- 
satiable voracity, and their invariable presence wherever 
animal or vegetable matter is undergoing decomposition in 
water. Surely we must be indebted to them— the ever ac- 
tive and invisible scavengers of the world — for the salubrity 
of our atmosphere ; but they perform a still more important 
office, perhaps, in preventing the gradual diminution of the 
present amount of organized matter upon the earth. 

^< And it is not difficult to understand in what way this 
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result is prodaced, for, when the organic matter is in that 
state of commbution and decay which immediately precedes 
itsi return from the organic to the inorganic world, these 
wakeful members of nature's invisible police are everywhere 
ready to arrest the fugitive particles, and turn them back 
into the ascending stream of animal life. Becoming the 
food of the smaller infusorial animalcules, they again supply 
the voracity of the larger ones, and of numerous other small 
animals, which in their turn are devoured by larger ones, 
and so, by degrees, the substance fit for the nourishment of 
the most highly organized classes is brought back by a short 
route from the extremity of the realms of organized matter.'* 

It is a remairkable and very interesting fact with regard 
to these animalcules, that their light, though siliceous skde- 
tons, are capable of being transported by the air in the form 
of fine dust to the distance of many hundred miles out at 
sea ; and the quantity so transported is often sufficient to 
cloud the air, and form a sensible deposit on the decks and 
rigging of ships. The microscope alone is capable of 
proving whence this dust comes, but, with its aid, they can 
be recognised, identified, and traced to that continent or 
island, which is not always the one nearest at hand, where 
they are indigenous. It will not be surprising, also, sincfe 
we thus find the bodies of the animalcules themselves carried 
along by millions through the air, that their eggs may be 
carried yet farther, and prove a bond of union between dis- 
tant lands, whose other inhabitants have no relation. Who 
could have imagined that the atmosphere is in this way the 
means of conveying to distant spots the invisible stony 
frame-work and the eggs of these little bodies ? and yet it 
is impossible to doubt the importance of such a means of 
communication in the animal economy. 

But the animalcules, singular and interesting as they are^ 
form but one of several groups of animals of low organiza- 
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tion that inhabited the Sea during the deposit of the chalk. 
The sea bottom abounded ^^th sponges of all kinds, as we 
hare already seen ; and floating about near the surface, 
there must also have existed a vast number of minute ani- 
mals enclosed in shells formed of a number of chambers or 
compartments, belongmg to a group now common in many 
seas and known by the name Forumirdfera. 

89 90 91 92 93 




FoRAMINirERA.*' 

The animals thus named occupy all the various chambers 
of their habitation, and not merely, as in the nautilus, the 
outermost one. They appear to possess a more perfect or- 
ganization than the polyps, but are less complicated than 
the encrinites. Their body is simple and gelatinous, no 
distinct organs being recognisable in it. In size they vary 
from dimensions perfectly microscopic, and . absolutely in- 
visible to the naked eye, to about the bigness of a five- 
shilling piece. In shape their habitation is sometimes flat 
and disc-like, resembling a piece of money, and sometimes 
it presents the most singular modifications of form, including 
every variety that can be conceived to arise from the indis- 
criminate heaping together of a great number of very dif- 
ferently shaped chambers, as unlike one another in size as 
they are in shape. 

» Fig. 89, Gattulina. J^^. 90, Rosalina. Fig. 91, Siderolina. 

Fig. 92, Cristellaria. Fig. 93, Nodosaria. 
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Animals of this low organization multiply rapidly, and 
are capable of making very important geological deposits* 
While, indeed, the vertebrated animals and the larger and 
more complicated mollusks live for some considerable time, 
and modify during that time tl^ general conditions of or-* 
ganic existence, these little creatures — the coral animal, the 
animalcule, and the Foraminifera — may^ by their rapid se» 
cretion of solid matter from the water, and (owing to their 
brief existence) equally rapid deposition of it in a solid 
form, lay the foundation of islands, and even of new conti- 
nents. The land thus formed may, when brought above 
the sea level, be destined to last, with little change, through- 
out many successive geological epochs, during which group 
after group of species of the higher animals may be intro- 
duced and destroyed, some of which leave no indication of 
their ever having existed, while others are represented by a 
few bones, a tooth, a scale, or perhaps only by the faint im^ 
press of a footstep. 

How important, then, it becomes that we should under- 
stand these, the common hieroglyphics, even if their mean- 
ing is less full, and when they talk an earlier and a simpler 
language than the others, since the sacred characters which 
speak of higher events are so infinitely more rare, and for 
that reason also more difficult to render. The most en- 
during monuments of man himself— his cities, his pyramids,, 
and his lofty columns — are, in many cases, built of these 
far more ancient and far more lasting objects, which with- 
stand the shock of earthquakes and the hand of time, and 
which scarcely yield, even at last, to the slow influence of 
crystalline forces, re-arranging the particles by the aid of 
heat and electricity. 

Many species of radiated animals — animals developed 
more or less in a star-shape, and formed of five parts or 
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rays— are common in ^g' 94 

the chalk (see fig. 94 ;) 
but the elegant lily en- 
crinites of the older pe- 
riods had now dwindled 
to a few species of small 
size and diminished 
beauty. One of the 
less common, but most 
peculiar forms of these 
creatures, has the form 

of a pouch, or rather, « « 

t , ' Star Fish. 

perhaps, of an egg open 

at the top. The whole is built up of plates accurately fitting 
one another; and arms proceeded from the summit, sur- 
rounding the mouth. The shell or case, which was not 
supported on a stem is known to naturalists by the name 
o[ Marsupite ;* and one cannot easily imagine how an ani- 
toal provided with so heavy a covering could move about. 
It may have been permanently attached, though no stenii 
appears, and possibly it was provided with a membrane 
projecting between the plates, and coating their external 
surface. 

The true encrinites are not very common in chalk, and 
this is especially the case in our own country. Some^ re- 
markable forms occur on the Continent, and one of these 
is represented in the annexed figure (95,) but they are 
rarely in a perfect state. 

Besides these radiated animals, many others of - various 
kmds, and perfectly enclosed in a stony case, such as*sea- 
urchins, &c., are found in the chalk, especially in particular 

* Marsupium, a pouch or purse, from the resemblance of the shell to a 
pouch. 
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Paourus. 



Fig. 95 IcNTiiIitiesy and are accompanied by the remains 
of crabs and lobsters, some of tbem belonging 
to that tribe of hermit-crabs (fig. 96,) which 

have no calcareous 
^' ^^ covering except 

upon the claws, 
and are obliged to 
make use of the 
shells of whelks 
and other univalve 
moUusca as habi- 
tations. It is interesting to be able to trace the 
similarity of organization which enables us to 
recognise a character and habit of this kind, 
for it gives a reality to the investigations of the 
palaeontologist, and a familiarity and homeli- 
ness to his descriptions, which cannot fail to be 
pleasing and satisfactory. 

Bivalve as well as univalve shells are found 
abundantly, but not universally in the chalk ; 
and some districts in the south of France seem 
to be remarkable for the singular and extreme 
development of one group, of which, so far as 
can be told, there are no living representatives. 
Their shells were permanently fixed to some 
solid body. The structure of the shell is pe- 
culiar and of great thickness and strength, 
from which we may safely conclude that the 
animal had no need of motion when once 
established in its house. One such genus is 
called Sphartditef another the Hippurite; but 
there are several belonging to this group, ai^d 
they seem most nearly allied to the inhabitants of those unir 
valve shells of which the limpet is the present representa- 



BOURGUETI- 
CRUrUB. 



Digitized by CjOOQ IC 



OF CREATION. • 233 

tive, I have figured a Fig. ^7 

species of Sphaerulite, to 
give an idea of the an- 
cient form of the shell of 
this group. ' 

Three common and 
characteristic forms of 
cretaceous bivdve shells 
are also figured. One of 
them, called Inoceramus 
(fig. 100,) is a shell whose 
remains are fi*equently 

found in the chalk, but Sphjibrulitk. 

which has no living re- 
presentative. It often attains a large size, and its hinges 
being singularly thick and ponderous, while the shell was 
often thin, it is not uncommon to find fragments of the more 
solid portion detached. The Trigonia (fig. 98) is the an- 
cient representative of a genus still found, and not uncom- 
mon on the coast of Australia, but now absent from the nor- 
thern hemisphere; and the other, Plicatula (fig. 99,) is one 

Fig. 98 Fig. 99 



Trioonu. Plicatula. 

of a larger group, nearly allied to the oyster, and very 
oommon throughoat the cretaceous period. The Terebra*- 
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tute (fig. 101) were also abundant during the whole period, 
and continued quite to its close. 



Fig. 100 



Fig.lOl 




Inoceramus. 



Terebratula. 



Fig. 102 



The univalve shells of this period are also interesting. 
Of those nearly allied to existing forms, the annexed figure 
(102) is a good example. But the most re- 
markable beyond all comparison, are the indi- 
cations of the ancient Cephalopoda at this the 
last point of their development. These ani- 
mals, having been developed throughout the 
lias and oolitic period in extreme abundance, 
were continued in the cretaceous rocks, and 
there seem to have expanded into a vast mul- 
ToRXATELLA. titudc of strangc forms before becoming finally 
extinct. 
The forms thus assumed were curious, and the exact 
bearing of them upon the habits of the animal it is by no 
means easy to recognise. The most simple form in which 
an animal forms a habitation consisting of a number of 
compartments may be understood by examining any uni- 
valve shell. The greater part of the animal is enclosed in 
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a muscular sac called a mantle^ capable of depositing car- 
bonate of lime. As soon as one coat is deposited, which of 
course, assumes the shape of the muscular mantle, the sim- 
ple shell is perfected. If, as the animal grows, it is deve- 
loped in a spiral form, the shell increases at the aperture ; 
but if the extremity does not adapt itself tg the original 
shell, and remain always of the same size, it must, as it 
increases in size, withdraw itself from its former compart- 
ment, and build a wall of partition, and in this way we 
have the first step towards the formation of the shell of the 
ammonite or nautilus, the generic distinction being founded 
partly on the position of a siphon or tube which connects one 
chamber with another partly on the shape of the mantle. 

• It is easy to imagine, however, that in thus developing 
itself round an axis, the 

successive whorls may ^*S* ^^^ 

or may not actually touch 
one another. The com- 
mon Spirula is an exam- 
ple of the latter structure 
in a recent shell ; and the 
shell called CrioceratUe* 
(103) corresponds with 
the ammonite, much as 

the spirula corresponds Criociratite. 

with the nautilus. 

Again, if, instead of being thus formed continuously in a 
spiral, the animal at particular periods of its growth went 
off in a straight form, and then again curved, we should 
have a hooked shell resembling that figured in the annexed 
cut, and called a HamUe\ (104,) or another having a more 
boat-like form, and called by naturalists Scaphite.t But if, 

• Kfttoc (criM,) a baiter! ngr.ram ; xipse; (cera8,) a horn. 

t A/<» (hatne;) a reaping.hook. X Xim^oc (acaphoi;) a boat. 
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Hamite. 

instead of curving, it weat on straight from the first, we 
should then have a straight shell, in all im- 
Fig* 105 portant respects the same, but having the 
same relation with the Orthoceratite that 
the Crioceratite has to the Spirula. Such 
a shell is called a Baculite* (105.) 

And, lastly, if our ammonite in building 
its habitation were developed so as to ex- 
hibit a form like that of most univalve 
shells, another genus would be formed 
identical with one common in the chalk, 
and called TurnliteSf\ from the spiral or 
turretted shape assumed. 

These peculiar forms (and besides those 
we have described there *are many others 
known) would not seem to require any 
great difference in the animal either with 
regard to structure or habit, but they were 
no doubt accompanied by well-marked 
distinctive characters. It is certainly not 
a little striking, that, at the close of the 
secondary period, immediately before the 
whole race of ammonife-like shells was ab- 
Bacdlite. solutely destroyed in the European seas, 
there should have been so singular and 
* Baeului^ a stick. t 2VfTit, a tower. , 
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almost fantastic a development of them. They were aq- 
companied by belemnites, and probably by many free- 
swimmmg soft cephalopods, whose remains are not pre- 
served. 

The fishes of the cretaceous rocks are interesting, aV- 
though not remarkably different either in form or size froin 
those of the other secondary deposits. They include, how- 
ever, a number of families referred to those two orders of 
fishes which now infinitely exceed the other two in numbej 
and variety of form (the ctenoids and cycloids,) but which 
till the chalk had not been introduced upon the earth. 
Among the chalk fishes there are also some of the sauroid 
family, among which the species of a genus called JUacro- 
poma were the mo3t abundant and the most predaceous. 

Fig. 106 Fig. 107 



Scale and Coprolitb of Macropoma. 

This fish was about eighteen inches or two feet long : the 
head occupied nearly one-third of the whole length, and 
was provided with strong jaws armed with numerous 
sharp conical teeth. The body was covered with oblong 
scales (106) studded with hollow tubes. The fins were 
powerful, and strengthened with bony spines, which were 
probably defensive ; and the whole skeleton is of robust 
proportions, and indicative of great strength. Some speci- 
mens of this fish have been so well preserved, that not only 
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do the gills remain, but the whole stomach may be seen, 
with its membranous walls solidified, and with a number 
of coprolites in the abdominal cavity (see fig. 107.) 

Besides these sauroid fishes, which were unquestionably 
very predaceous, a vast number of sharks of different kinds 
must have existed, their teeth and bony spines being found 
abundantly, although generally detached in various places 
in the chalk. The scales of placoid fishes not enclosing the 
animal in a bony case covered with enamel, as is the case 
with ganoid fish, and the skeleton being either nearly or 
entirely cartilaginous, the body would speedily undergo de- 
composition after death, so that the different hard parts, — 
the teeth (108,) palatal bones (109,) and fin rays, — became 

Fig. 108 Fig. 109 




Sharks^ Teeth. 

irregularly distributed. It is in this manner accordingly 
that we find them. 

The fishes in the chalk allied to the existing cycloid and 
ctenoid orders are best illustrated by an account of the Beryx^ 
closely allied to the perch, and the Osmeroides^ whose near- 
est analogue is the salmon. 

The Beryx is a very common fish in the chalk of the 
south-east of England, and there are there found three dis- 
tinct species. All of them are of small size, the largest not 
more than a foot long, but the scales are very large in pro- 
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portion, and the head is also very large, at least in some 
species, while the vertebrse are short and the ribs slight. 
The jaws are covered with a band of very fine teeth, like 
the hairs in a brush. The scales are jagged like the teeth 
of a comb, and the fish belongs, therefore, to the ctenoid 
order, of which that structure of the scale is characteristic. 

The cycloid fish Osmeraides is also common in the chalk, 
but belongs rather to the lower than the upper beds. The 
fishes of this genus are very beautiful, and often toler- 
ably perfect, but their size is not large. Fishes of the carp 
family, others allied to the mackarel, and an eel-shaped 
fish called DercetiSj form the remaining groups most 
abundant in the chalk, and most characteristic of the forma- 
tion. 

The reptilian remains of the cretaceous series are exceed- 
ingly few, and present but a scanty amount of new material 
with reference to this department of fossil natural history. 
They include, however, one new and gigantic lizard of 
marine habits, nearly allied to the monitors {Mosasaurus ;) 
and with this are found a few remains of turtles, one very 
gigantic saurian whose structure is little known but which 
has been called Polyptychodon (occurring in the lower beds,) 
the remains of a few Ichthyosauri, and fragments of a 
Pterodactyl. 

Of these reptiles, that which has been named Mosasaums 
(the saurian of the Meuse, on whose banks the fossil re- 
mains of it have chiefly been found) resembled the monitor 
of India and Egypt, especially in the structure of the head 
and teeth ; but the head alone is far larger than the whole 
body of any existing species of these animals, and the teeth, 
which are of proportionate size are solid and firmly imbed- 
ded in the jaw by a broad and strong bony attachment (fig. 
110.) The powerful teeth thus inserted were renewed by 
young teeth, which pressed against, and thus gradually 
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wore away the old ones, and replaced them as (hey were 
required. Other teeth of smaller size, but still large, were 
fitted on the palate, as in the serpents and many fishes. 

Fig. 110 




M08A8AURU8. 
Portion of Lower-Jaw. 

The back-bone of the raosasaur was admirably adapted 
for enabling the animal to move rapidly and easily in the 
water, and the tail seems to have formed a powerful vertical 
oar of large size and great strength. The paddles, too, 
were of gigantic proportions, and in this respect this chalk 
reptile must have rivalled the Plesiosaurus. All the ana- 
logies of the genus, however, seem to have been with the 
lizard tribe, although involving a perfect application to ma- 
rine habits, which necessarily introduced considerable mo- 
dification of structure. The habits of the mosasaur were 
highly predaceous, and it seems to have been the last gi- 
gantic form of the marine reptiles before the final destruc- 
tion of those animals at the close of the secondary period. 

The turtles of the chalk and greensand hardly exhibit any 
peculiarities which demand consideration here. They are 
not of large size, and they all belonged to the group in- 
habiting the sea. Their remains, although not common, in- 
clude several species. 

The gigantic reptile of the greensand called Polyptycho- 
d(m^ is known only by such imperfect fragments that we 

* lUMinvxPt (pokiptffckuM,) htiving many foldi or wrinkles; i^evr 
(odwi;) a tooth. 
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can scarcely do more at present than indicate its vast pro- 
portions. The thigh-bone of this animal was solid, and 
measured nearly four feet in length. 

The remains of Ichthyosaurus and Pterodactyl in the 
chalk are beyond question, and the specimens are of great 
interest. The former is known by a very beautiful speci- 
men of the head with the teeth, and the latter by the head, 
and also several of the long bones. 

The bones of birds have been determined among the fos- 
sil remains of the chalk ; and although very rave and in frag- 
ments, they seem to indicate, beyond a doubt, the exist- 
ence of a large species allied to the albatross. 

No trace whatever of the existence of any land quad- 
ruped, or of any of the whale tribe, has been met with in 
the chalk, or in any of the associated or contemporaneous 
beds. This entire absence of the Mammarlia cannot but be 
looked on as an interesting and remarkable fact. 

The conditions of existence during the chalk and the 
cretaceous beds generally were certainly difierent from those 
which obtained during the oolitic period; but this must 
have been partly the result of circumstances, since the spe- 
cimens found in the newer deposits afibrd information only 
with regard to the inhabitants of deep water and the open 
sea, and ofier little help in determining the nature of the 
coast-line. It thus becomes probable that a great part of 
this difference may, ailer all, have consisted in a change of 
the relative level of land and water. However this may be, 
the group of organic remains in the chalk is not sufficiently 
perfect to allow of our picturing to ourselves any general 
view of the various races, or obtaining a notion of the cha- 
racteristic features of the marine fauna as distinct from 
those of former and later times. * 

On the whole, however, the geological naturalist, recall- 
16 



Digitized by CjOOQ IC 



242 PICTUEESQUE SKETCHES 

ing the different groups of animals then most abundant, and 
comparbg them with those of more recent and also of more 
ancient dates, will be struck with many manifest signs of 
approximation to the existing condition, and may trace a 
gradual but uniform advance towards the present forms of 
life. 

Such general views, forming what is sometimes called 
the physiognomy of a group of animals or vegetables, are 
far more important than might be thought at first sight, for 
they often point distinctly to the truest and most valuable 
analogies ; and, being, dependent on the degree of unifor- 
mity of the condition under which the inhabitants, whether of 
land or water, may have existed, they are in themselves 
real and to be depended on. At the same time, it ifinsi be 
remembered that there are kinds as well as degrees of ana- 
logy, and that resemblance, of whatever kind or degree, by 
no means involves true affinity or derivation from the same 
source. So far is this from being the case, that we some- 
times, on the contrary, find the most nearly allied species 
existing under very different conditions, and forming part 
of a group whose physiognomy is distinct; while, on the 
other hand very different species traceable to sources alto- 
gether different, may, and often do, show the greatest phy- 
siognomical resemblance. We ;hall consider in the next 
chapter how the different portions of the great secondary 
period are distributed, and to what extent they are alike. 

Before concluding these general remarks on the chalky 
it is necessary that I should here notice, however briefly, 
the uppermost beds of this period in Europe ; those, namely, 
that occur, on the banks of the Meuse near Maestricht. 
From various appearances it may be concluded that this 
deposit took place not far from the shore. There have 
been found there, for instance, the most perfect fragments 
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of the Mosasaurus, the bones of turtles, &c., together with 
various remains of crustaceans and shells, which bespeak 
shallows occasionally left dry by the tide. No remains of 
birds have, indeed, yet been obtained from this spot, nor is 
there any indication of the extent or direction of the land ; 
while, from the smallness of this deposit, and the absence 
of distinct land fossils, it might almost be concluded that 
there existed only a few scattered islets in these European 
latitudes. This locality is chiefly interesting from the ne- 
gative fact, that no modification of the fauna is introduced 
in it. There is little positive evidence to be derived from 
the few fossils there presented ; and when we consider the 
aspect of the most ancient tertiary fauna, it will be seen to 
bear no marks of any association with this, which appears 
to represent the newest chalk period. If, indeed, any 
traces exist of the intervening deposits between the true 
chalk and the lower tertiary beds, they must probably be 
sought for either in South-eastern Europe, or in those parts 
of Africa and Asia which form the connecting link between 
India and the Mediterranean. ^ 

The Geology of the newer secondary period in these dis- 
tricts, although at present indistinctly worked out, is gradu- 
ally assuming interest and importance. It is true, that, in spite 
of many appearances, some of them very deceptive, there is 
not yet distinct evidence of a passage from the secondary to 
the tertiary period ; but there is a greater sinularity in the 
general aspect of the two faunas, a more distinct approxi- 
mation in the proportionate numbers of different species, 
and a more marked resemblance in the prevailing types, 
than has been elsewhere observed. Perhaps the best and 
the most important similarities are those which occur in the 
fossils of deep water deposits, and the recent publication of 
an admirable monograph on the cretaceous fossils of south- 
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eastern India* clearly shows that there exists valuable ma- 
terial of all kinds for great and interesting generalization on 
this sabjeot, and that, in all probability, time and careful in- 
Testigalion will bring to light other evidence, and perhaps 
ultinx^tely affi>rd the link which is q0w missing. 

4 Gfooh Trans.^ 2d wen^ vol vij.. p. 89 et seq. 
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CHAPTER XL 

GENERAL CONSIDERATiaNS CONOEBNINO THE SEdONDARY EPOCH AMD 
THE CIRCUMSTANCES OF ITS TERMINATION. 

We have now considered in succession the various as- 
pects of creation during the period that intervened between 
the disturbances which broke up the older rocks, distributing 
them in irregular patches and groups over the earth, and the 
final close of the epoch by the deposit of the chalk. This 
bed, originally perhaps calcareous mud, afterwards became 
hardened under water, and was at length laid bare over a 
great part of Europe by the elevation of the sea-bottom. 
The disturbance by wh^ch the whole of the Wealden dis- 
trict of England was thus exposed, and the great expanse 
of chalk which once covered it entirely removed, must have 
been of later date; and the magnificent phenomena of 
altered chalk on the coast of Antrim in Ireland and in the 
adjacent Western Islands of Scotland, and of contempora- 
neous beds in Germany, Switzerland, and eastern Europe, 
besides the great disturbances of the cretaceous rocks along 
the elevated district of central Europe, all clearly show the 
extent of this disturbance, and the results of it. The com- 
mencement of this series of disturbances may be considered 
to have closed the secondary epoch. 

If we consider the case of the British Islands generally, 
it appears very clear that the great earthquake movements 
resulting in elevation, which have chiefly left marks of their 
long-continued action, were of two principal geological pe- 
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riods: those of the Qrst period commencing about the mid- 
dle of the deposit of the coal, and lasting till the upper 
beds of new red sandstone were deposited ; and those of 
the second period, not beginning till after the close of the 
deposit of the upper chalk of Britain, but lasting throughout 
the formation of the beds of London clay. Since, also, 
these two periods of- disturbance are those at which the 
most marked difference seems to have taken place in the 
nature of animal and vegetable existence, we are justified 
in believing that the frequent succesrion of disturbances 
during these periods rendered certain parts of the earth not 
capable of maintaming their former inhabitants, and that 
the disturbances lasted so long that the species subsequently 
introduced were of very different specific character. 

Before the commencement of the secondary epoch we 
must suppose that ther^ existed some considerable tract of 
land to supply the abundant deposits of woody matter which 
have since become coal, and the sinking down of this land, 
and consequent frequent exposure of a fresh surface to the 
ravages of the sea, may account for the rapid deposition and 
peculiar character of the new red sandstone, and also of its 
successor the lias ; and I have stated the probability that the 
oolitic strata were deposited in an ocean bed, sinking during 
the early and middle part, but rising towards the close, 
until, at length, at the Wealden period, it was elevated into 
an extensive and important district, not far removed, though 
perhaps veiy different in form and direction, from the land 
in the northern hemisphere at present. After a time, how- 
ever, the depression re-commenced, and lasted till a con- 
siderable tract of deep water covered the greater part of the 
existing land of Europe. The depression was probably 
very gradual, but it must also have been general, for we 
have good evidence that it included nearly the whole of 
what is now the Alpine range of mountains, and quite the 
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^hole of that exteosive range of high groand to the east, 
which has since been lifted up to form the chain of the 
Caucasus. 

In our own country, and in the northern hemisphere gene- 
rally, the direction of the elevating force during the first of 
these two periods was, for the most part, north-east and 
south-west. This is seen in the Welsh and Cumberland 
hills, the Scandinavian mountains, and the Ural chain, and 
in the general strike of the older deposits. It is not, in- 
deed, uniform, nor are the mountain chains parallel, but 
there is sufficient evidence to prove that there was, in this 
way, a general impress given. 

During the secondary period we have this direction re- 
tained in England, the oolitic escarpments affording excel- 
lent examples of its permanence : but on the continent of 
Europe there is much confusion ; and even the older rocks 
in the eastern districts, as in Russia, instead of being con- 
solidated and almost crystalline, are loose and scarcely 
altered from the condition they may have exhibited when 
iSrst deposited. It might be worth while to speculate how 
far it is probable, from this condition, that the whole se- 
condary deposit in Europe took place in a sea limited in 
extent, surrounded, or nearly so, by land to the west and 
north, and subject to very constant, but inconsiderable 
changes of level in that direction, though comparatively 
quiet in. its eastern portion, where there was deeper water. 
Such a condition would seem to account for the great va- 
riety and extent of the deposits, the uniformity of some few 
of them in certain directions, the persistence of some fossils 
of high organization (as the Ichthyosaurus, &c.) through 
several distinct divisions, and the general uniformity of 
character of the group of fossils in some, but not in all 
districts. If we look upon the whole period as one of 
transition in the latitude of Europe, and suppose that the 
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axis of disturbance was shifting from the north and south to 
the east and west direction, many of the apparent anoma- 
li^ of the formations will perhaps disappear. 

Whatever may be the result of speculations of^ this kind, 
the fossils of the secondary period certainly exhibit a very 
perfect and beautiful series, possessing characters at first 
difficult to decipher, but almost always capable of being 
made out by detailed and careful investigation. 

Observing the indications given by the 4ifferent and sue* 
cessive groups of organic remains, we can also learn the 
changes that have taken place in a particular district ; and 
thus, for instance, in England, we may trace a rapid depo- 
sition of limestone in one spot, and. mud in another, these 
being contemporaneous, but having veiy difierent fossils. 
Each of these, again, was succeeded by other beds of the 
same or difierent kind, without any long pause, and often, 
it may be, while the preceding deposit was becoming solid ; 
but the new beds exhibit great local difierences and some- 
times apparent repetition. One thing, however, is perfectly 
clear in the midst of all this change, introduction, and sub- 
stitution of species, namely, that there was on the whole no 
true advance in the perfection or even the complication of 
organic forms, between the commencement and the close 
of the epoch; for, at the outset, we find evidence of the ex- 
istence of reptiles of the two extremes of organization ; in 
the middle we have merely a vast multiplication of reptilian 
species, exhibiting very interesting and remarkable modifi- 
cations, but no new type ; while towards the close thtse all 
cease, and we revert to the same, or nearly the same, mo- 
difications of lacertian structure as at first. Neither in size, 
number, or affinity to higher forms, nor, indeed, in any con- 
ceivable point, can we trace systematic advance in organi- 
zation in the reptiles of this great saurian period. It must 
not be forgotten also, that the reptiles were, with the excep- 
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tion of the few marsupial quadrupeds, the animals of most 
complicated structure, and that they form, in the strictest 
sense, the characteristic group of the secondary period. • 

Nor do we find any different result if we examine the 
other groups. The birds exhibit indications of their exist- 
ence by a few footsteps in the new red sandstone, at the 
commencement of the epoch, and a very few isolated bones 
obtained from the chalk ^ve evidence of their presence 
scarcely more distinct at its close. No such remains at all 
have yet been found in any of the intermediate deposits. 
Just so it is with the mammals. In the lower beds of the 
middle part of the series we have a few but distinct traces 
of their presence ; these, however, are totally lost in the 
new,er beds, and even in the Weald, a fresh-water deposit, 
we are still without a single fragment that can be supposed 
to have belonged to any quadruped, the companion on land 
of the gigantic dinosauriaps. 

The Invertebrata illustrate the same f^t yet more de- 
cisively. A vast development of the highest type, the 
Cephalopoda, seems to have been throughout characteristic 
of the period, and one genus alone, that of ammonites, was 
represented then by many more species that now form the 
whole group. The belemnites and other free-swimming 
animals of the same kind (cuttle-fish) were no less abun- 
dant, and their remains are found every where, distributed 
it is true locally, owing to the conditions of deposit being 
only occasionally favourable for their preservation. Other 
univalve shells are also met with in great abundance, 
proving clearly how similar the conditions of existence 
must have been to those which still obtain in various parts 
of the world. The abundance of Terebratulae in particular 
localities, the presence of other bivalve shells of almost all 
the different existing families, the development of Forami- 
nifera and minute infusorial animalcules in deep sea depo- 
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sits, and, indeed, almost every natural history fact presented 
to us, offers the strongest analogy to similar facts now ob- 
servable. These facts all prove how greatly the study of 
existing nature may aid us in working out the problems of 
the past history of the world, and how nearly the past stands 
in relation to the present. 

But though there are thus very near and important resem- 
blances, neither can it be questioned that there are wide 
and startling differences. Where now, or during more 
modern geological periods, we should find remains of ele- 
phants, rhinoceroses, and hippopotamuses, we have multi- 
tudes of the bones of gigantic reptiles, assuming their form, 
occupying their place, and substituted for them in the 
islands and continents of the ancient world. The whale 
tribe, an exceedingly important and widely extended group 
of animals, now inhabiting the seas from the poles to the 
equator, represented by many species of various proportions 
and dimensions, and manifestly occupying a very important 
place amongst the inhabitants of the deep, is, in like man- 
ner, totally absent. It must be remembered, too, that in 
this case the argument arising from the absence of the group 
is far stronger than in the case of land animals, for the re- 
mains of these creatures, both of teeth and bones, were just 
as likely to be preserved as those of other marine animals, 
and in more modern deposits they have been so preserved. 
But there is also a good reason for their absence. Their 
task was performed by others ;* they were not needed, be- 
cause their place was supplied by the gigantic marine rep- 
tiles, which have abounded during the whole period, and 

* This is the cate at least with the large-toothed carnivoroui Cetacea. 
It is worth while to obserye that we do not at present know of any ibssil 
remains in secondary rocks of large herbi?orou8 or animalciile.feeding ani- 
mals, whether reptilian or otherwise, corresponding to the dagong, &c., 
and the gigantic true whales (BahBtM,) 
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which have left undoubted marks of their existence and 
wide distribution. 

This method of substitution, by which, at different times 
and in various places, animals and vegetables of very dif- 
ferent organization have replaced one another, is found by 
geological observations to have been universally adopted 
in nature. Large groups may be observed performing their 
appointed task at one period or in one place, and these are 
represented by other species at another time or at some 
distant spot, the representative species exhibiting some ana- 
logous peculiarity, either of structure or habit, which fits it 
for that similar function. 

This important fact is, however, not made known to us 
exclusively by geological researches, but also by investiga- 
tions into existing nature ; and these latter, when combined 
with the former, become more distinctly recognised, and by 
their manifest relation to long periods of time as well as 
extensive tracts in space, exhibit their true importance with 
reference to all nature. 

Viewed as one epoch, the secondary rocks present to us 
a well-marked and very distinct group of animals and vege- 
tables, from the careful study of which we may arrive at 
some probable conclusion with regard to the condition of 
the earth and seas during the period of deposit. We thus 
learn to consider the secondary period as indicating a con- 
dition very different from that of the earlier epoch, and as 
cut off from it absolutely by the introduction of new forms 
of. organic existence. Its great characteristic undoubtedly 
appears to be the introduction of reptiles, or rather the 
presence of reptiles in such vast variety of form, and in such 
relative numerical abundance, as to render it probable that 
the apparent absence of animals of higher organization is 
not accidental, or a conclusion based on imperfect exami- 
nation, but that it was real and absolute. 
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The corresponding characteristic of the former and earlier 
period we found to be the great development of fishes, 
which occupied then the position afterwards filled by rep- 
tiles. Now it is this apparent substitution or represen- 
tation that gives confidence and justifies the conclusions 
drawn. By the help of comparative views of this kind^ 
we perceive the meaning, the symmetry, and the per- 
fectness of each grqpp, and the adaptation of each to its 
own end. By carefully carrying out the method of com- 
parison, we gradually attain more distinct, less exaggerated, 
and more rational views of the differences of organic being 
at various periods ; and there is no doubt that the views 
thus attained are infinitely more real than those derived 
from the examination of a few isolated facts of marvellous 
character, which attract the imagination, but which for that 
very reason are likely to mislead the judgment. 

If called upon to give a general account of the physical 
geography of the secondary period, in the vicinity of our 
own island, I might venture to suggest, — 1. That during 
this period there were many inconsiderable disturbances of 
the bed of an ocean which then covered our island, but 
which was partially bounded in several directions by islands 
extending to the west and north, the lines of coast being 
more or less extensive, and generally at no great distance. 
2. That the effect of these disturbances was for a long time 
gradually to depress the bed of the ocean, while the de- 
posits, chiefly of calcareous matter, were sufficiently rapid 
and abundant, at least near shore, to keep pace with the 
sinking. 3. That after a time partial elevation took place, 
converting into dry land a large tract, in consequence of 
the wide extent of a moderately shallow sea, arising from 
the condition just mentioned. 4. That there was an excep- 
tion to this conversion into dry land in the southeast of 
England, and some other spots ; but that here the waters 
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were chiefly fresh, indicating the presence of an extensive 
river emptying itself not far off into the sea. 5. That while 
this elevation took place in England, depression was going 
on in the south of Europe, accompanied by disturbances, 
and producing a deep sea. 6. That such deep sea was 
afterwards enlarged by a wider movement of depression, 
until it extended from Scandinavia to Spain, and from 
England to the Caucasus, being throughout that wide tract 
the recipient of deposits of chalky mud ; and, finally, that 
this sea was probably deeper and was soonest deepened in 
the southern part of the district, but that just in that part 
the sea-bottom afterwards again underwent elevation on a 
grand scale, and formed either continuous land or a chain 
of islands extending from England to Asia Minor, and con- 
nected with the elevation of the Alps, the Pyrenees, and 
the Caucasus. 

This last disturbance was accompanied, however, by a 
total destruction of almost the whole series of animated 
beings in these parts of the world ; it was accompanied also 
by the outburst of a considerable quantity of lava (seen in 
the north of Ireland,) and by the production of the central 
mountain districts of Euvope and Asia. In this way was 
given the first decided tendency to the great east and west 
line of direction which was afterwards retained during the 
elevation of the eastern part of the northern hemisphere. 

How long it was after the deposit of the chalk that these 
movements commenced, and how long they lasted, — 
whether, as is probable, they began early, and lasted for a 
veiy long time^ or whether they commenced only when the 
chalk had become hard and attained its present condition, 
— we are not able yet to assert ; but there is little doubt that 
the great secondary period was loeally terminated by dis- 
turbances connected with the elevation of Europe and Asia, 
while possibly at this very time deposits were going on in 
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the seas immediately adjacent, and over a great part of the 
valleys in those two continents. 

These, we belierft, are conclusions which Geologists 
will hardly be inclined to dispute, and they form the out- 
line of a connected history of the revolutions of the globe 
during the secondary epoch. But, besides that part of the 
history which has immediate reference to British Geology, 
there are other important facts already known with reference 
to odier districts. The successive elevation of the Alps, 
the Pyrenees, the Carpathians, the Caucasus, and the Hi- 
malayan chain, and even of the Andes, w31 also be found 
to bear importantly on the general physical Geology of the 
epoch, and will tend to clear up many doubts and diffi- 
culties that arise in the contemplation of the phenomena as 
they are presented in our own country and in western 
Europe. 
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THE TfflRD, OR MODERN EPOCH. 



CHAPTER XII. 

THE INTRODUCTION OF LAND ANIMALS AND THE OOMMBNCBMBNT OF THE 
TBRTIABY PERIOD IN WESTERN EUROPE. 

The close of the secondary period was succeeded by a 
general disruption of the various beds that had been de- 
posited in those parts of the earth to which we now have 
access, and by changes and modifications so considerable 
as to alter the whole face of nature. It would appear, also, 
that a long period of time elapsed before newer beds were 
thrown down, since the chalky mud not only had time to 
harden into chalk, but the surface of the chalk itself was 
much rubbed and worn. 

So completely and absolutely is the line of demarcation 
drawn between the secondary and newer deposits in parts 
of the world where these beds have been recognised in actual 
contact, that it had become a common notion among Geolo- 
gists, to assume the destruction of all natural relations be- 
tween them, concluding that not one single species of ani- 
mal or vegetable connected the two periods, and lived 
through the intervening disturbances. Although this view 
certainly requires modification in points of detail, it is still 
correct in a general sense, and expresses, without much ex- 
aggeration, the real extent of difference in condition, the re- 
sult, perhaps, a lapse of time greater than is elsewhere indi- 
cated. In this way the secondary period is dist^inctly cut 
off from the tertiary. It is scarcely less separated by the 
fact that in the former we every where find marks of the 
presence or near vicinity of the sea in all the deposits, even 
those from fresh water, while, in the newer beds, land ani- 
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mals at once assume the importance 'which they hare ever 
since retained, having been evidently present in great 
numbers and variety. 

Confining ourselves, at present, to the principal localities 
of older tertiary deposits in Europe, we find distinct indi- 
cations, from the nature of the beds themselves, that they 
were deposited with a considerable degree of regularity, and 
even uniformity, and not in a very short time. The beds 
are extensive, and consisted at first of such rolled pebbles 
as might have been produced by the rubbing and wearing 
of the chalk flints on a shingle beach. The rocks were 
broken into small and similar fragments, rolled until they 
were perfectly smooth and either round or oval, and thus 
appear of nearly uniform character throughout widely dis- 
tant tracts. Whatever, therefore, was the condition of the 
district now covered by the older tertiary beds of England, 
France, and Belgium, during those ages that elapsed be- 
tween the final deposition of the chalk as we now see it, 
and the deposit of pebble-beds upon its worn surface, the 
cause that brought into existence these beds seems to have 
been connected with the re-introduction of a coast-line, and 
a shallow adjacent sea-bottom. Whether, as is highly 
probable, a deep sea at first covered all these districts, and, 
owing to comparatively rapid and repeated elevation after 
the deposit of the chalky the change of depth destroyed, 
without allowing to emigrate, the species of animals of 
whatever kind that inhabited the ancient sea, or whether a 
considerable tract of land was formed in an east and west 
line, cutting off communication between districts not far 
removed in latitude, and extending, perhaps, from Asia 
Minor far out into the Atlantic : these are points which Ge- 
ology does not, at piesent, enable us to solve. All we 
know is the great fact of the absence of the chalk species in 
the tertiary* beds, their place being supplied by new spe- 
cies, for the most part of very different organization. We 
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thus hare to enter upon a new series of phenomena, when 
we turn from the contemplation of the secondary to that of 
the tertiary period. 

When, however, the time had elapsed, and the change 
bad taken place,— and it must be repeated that the interval, 
whether long or comparatively short, was marked by the 
destruction of nearly the whole marine creation, — when, 
after this, the sea-bottom in these parts of the world again 
received accumulations of tnud and shingle, it is not un- 
likely that a great elevatory movement had already com- 
menced. From the general direction of the subsequent 
disturbances which brought to light the Wealden district 
in England, and elevated the Alps and the Caucasus, it is 
almost certain that the line of that movement was, on the 
whole, east and west.* From the careful examination of 
Europe, as it now exists, we also learn that the elevation 
was most considerable in the middle of Europe, extending 
thence to the western part of England along what is now 
its southern coast ; marked by a parallel movement in the 
line of the Pyrenees, the corresponding ranger on the east 
coast of the Adriatic, and the Caucasus, and producing land 
enclosing lakes of fresh water in what is now the Grecian 
Archipelago. 

It appears, als6, that these disturbances were continued 
until the close of the middle tertiary period in central 
Europe, and probably much later in the Caucasus, while 
they have, perhaps, scarcely yet ceased in the central parts 
of Asia. They were, however, much earlier concluded in 
England, and were there sqcceeded by a long period of 
tranquillity, our own island being elevated above the sea, 

* The later, or tertiary movemeut, seeing to have had a north-west and 

sonth^ast direction, as the former one, effecting^ the eleration of the oolites 

of England, was northeast and south-west. The Alps from the central or 

culminating point, and are transverse to the main direction of the period. 

17 
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and receiving very slow additions, chiefly on its eastern 
coast. 

In examining the Geology of the tertiary period we are 
fortunate enough to find a chain of evidence informing us 
not only of the existence of land, but of the nature of the 
vegetation that clothed it, and the animals that inhabited it. 
This evidence commences even before the beginning of the 
great disruption which brought up the Weald, and it lasts 
nqt only through the period of that disturbance, but after- 
wards to much later times. Owing, however, to the pre- 
valence of causes which did not permit the preservation of 
organic remains, we have less evidence with regard to some 
of the later periods than to those of earlier date. There 
seems no doubt that the marine fauna of the oldest tertiary 
seas was totally disconnected from that of the cretaceous 
epoch. 

The first tertiary land concerning which we have distinct 
knowledge was richly clothed by a vegetation, a good deal 
of whose general character is recognised by examining the 
fruits of trees and fragments. of wood found abundantly in the 
Isle of Sheppey. These fossils are exceedingly numerous 
and varied, and the fruits obtained from the 
Fig, lit single locality just alluded to include several 

^r^j^ hundred species, all of which are difTerent 

<w^ from existing and known plants, although 

HiGHTEA.* ^'^'^y ®f ^^^ seem closely allied to generic 
forms now met with in warmer climates than 
those at present characterizing similar latitudes. A por- 
tion of one of these fruits ks figured; in the annexed cut ; it 
marks the existence of a five seedted fruit which was enve- 
loped in a mass of downy filamentous structure. The 
plant was probably allied ta the natural order of Malvacea. 
There is, indeed, nothing m these plants which removes 

* So called from the name of a botanist, J. Higbt, Esq. 
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them at once and in a marked manner from the existing 
type ; and the most remarkable fact concerning them as a 
group is the preponderance of species allied 
to die palms, some of them being apparently ^ 

intermediate between the cocoa-nut aivd the 
Pandanus^ or screw-pine — well-known and 
common tropical plants, not met with now 
in northern latitudes. The recent analogues NipTdites"* 
of another genus, Nipadites (fig. 112,) the 
family of J\/ipa^ inhabit the Spice Istands and Japan, and 
chiefly in low damp or marshy tracts at ^. ^^^ 

the mouths of great rivers, especially in 
brackish water. Associated with these 
are some varieties of the cucumber, or 
gourd tribe, the pod of a variety of jJceK 
da or Mimosa (see fig. 113,) the seeds of 
cypress-like plants, and the fruits of some 
coniferous trees. There are also frag-> 
ments of wood and stems indicating the 
presence of a species of the pepper-plant, 
— of several varieties of palm-trees, and 
of several coniferous trees. The wood 
has often been pierced and almost de- 
stroyed by an extinct species of teredo 
before it was deposited in the bed where 
it is now found ; and sometimes it pre- 
sents little else than a' collection of the 
tubular cavities of these animals filled 
with carbonate of lime. 

The older tertiaries of the London 
Basin, of the Hampshire and Isle of Po^ofMimosites. 
Wight Basins, of the Paris Basin, and of ^^°''^'''' ^^^^'^ 

* A very common froit in Sheppey. It contains a single seed nearly 
in the centre, closely resembling that of the cocoa-nXit, and with a very 
hard shell 
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the neighbouifaood of Brussels, are all contemporaneous 
deposits, and diflfer only in consequence of local peculiari- 
ties caused by the nature of die material. The oldest part 
of each, which is every where a coarse pebbly bed, may 
possibly have once been spread pretty uniformly over the 
whole tract; but, afterwards, when the land had risen above 
the sea in various places, and yielded different kinds of de* 
tritus, the water in some places was nearly fresh, in others 
brackish, and in others, again, perfectly salt. In this way 
all varieties of development are accounted for ; and we 
may understand how the coarse and occasionally flinty 
limestone found at Paris, the great and uniform mass of 
clay near London, the marly clay of Brussels, the highly 
siliceous material^ probably deposited from warm «prings, 
in central France, and the limestones of the Greek Archi- 
pelago and Asia Minor, all present fossils having some- 
thing of the same general character, and belonging to the 
same epoch. In the tertiary beds in western Europe, there 
is, on the whole, not much distinct uniformity of character ; 
but when we examine the contemporaneous deposits of 
northern India and South America, we find evidence of the 
operations of nature having been conducted on as grand a 
scale during the tertiary as during the preceding geologica 
epochs. 

The beds of London clay at Sheppey and elsewhere are 
not only remarkable for the amount of information they give 
us concerning the vegetation of the early tertiary period in 
Europe, but are almost equally instructive with regard to 
the animal inhabitants of the land at that time. 

A considerable number of shells are found, both uni- 
valve and bivalve, of which the annexed figures (114 — 
117) will give some idea, but the most remarkable fact con- 
cerning them is the absence of the whole group of amdionites, 
and their replacement by a newly-introduced genus of car- 
nivorous trachelipods (animals of lower organization.) which 



Digitized by CjOOQ IC 



Fig. 116 



OF CREATION. 
Fig, 114 



261 



Fig. 117 





Fig. 115 





Eocene shells.* 

here abound in the most remarkable profusion. Upwards 
of two hundred species of these shells (Cerithium, fig. 116) 
are found in the older ter- j^Vg. 118 

tiary beds of Europe. The 
nautilus is retained in 
these beds, especially in 
the London clay (the 
tnost distinct marine de- 
posit) but it has ceased to 
be the representative of 
the prevailing group of 

moUusca. In addition to Crustacean. 

the shells there are in the beds at Sheppey a multitude 
of the remains of crabs p^^^ ^g j^y^. 120 

and lobsters^ some of 
them exceedingly perfect, 
indicating the vicinity of 
a coast-line at the time 
when this part of the se- 
ries was deposited. One 

* Fig, 114, Lacina. Fig, 115, Corbala. Fig, 116, Cerithium. Ft^' 
117, Cone. 

t Fiflr. 119 showg the external lorfaee of the shell, and ^f^, 130 the ap- 
pearance of a aection, the light parts being the cliamber-walls, or lepta. 
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of these is figured (118,) to give an idea of the near resem- 
blance of them to existing species. Figures are also given 
(119, 120) of a species of foraminiferous shell, called Num- 
mulite (from J\rummuiuSy a little piece of money,) whose 
remains are so incredibly abundant in some localities, that 
rocks are made up of them, and which, although belonging 
also to the secondary epoch, must be considered charac- 
teristic of some older tertiary beds. Other smaller forami- 
niferous shells have built great masses of the limestone of 
this period.* 

Besides the numerous shells and other invertebrate re- 
mains, the older beds of this newest epoch afibrd many very 
interesting fragments of fishes, of reptiles, of birds, and even 
of quadrupeds. In order to obtain a general view of the 
eocene fauna, we must consider some of these a little in 
detail. 

The fishes naturally present themselves first for investi- 
gation and description, and their remains, as well in the 
London clay as at Monte Bolca in north Italy, and in a re- 
markable deposit, probably of the same age, in Asia Minor 
(Lebanon,) are very numerous. They are not, however, in 
all cases very well preserved, and this is especially the case 
with regard to those found in the tenacious blue clay of the 
Thames valley, where there is frequently nothing to be ob- 
tained but a few bones of the head. It is thus far more 
diflScult to determine their analogies than those of the older 
fishes, where we generally have the whole body. This 
condition is partly owing to the nature of the bed, which 
must have been originally a fine mud, in which the fish had 
rotted after death, when the bones separating, and the fins 
becoming detached, the thin fragile scales, unlike the bony 
enamelled case of the older fishes, would not afibrd a coat- 
ing solid enough to preserve the integrity of the form. 

* A great port of Paris ii built with a limestone of this kind. 
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Now, in fishes, the bones of the head are so numerous and 
variable, that they have hardly yet been reduced to a dis- 
tinct system, and there is thus the greatest possible difficulty 
in making out the species. Even ader the bones of the 
skull of the more common recent fishes have been prepared 
as carefully as possible for purposes of comparison, much 
difficulty remains, in consequence of the ancient fishes not 
resembling so much those of our own coasts as those of the 
Indian seas and Southern Ocean, which are necessarily far 
more rare, especially in a state to admit of the skeleton 
being reconstructed. It is a remarkable result of the know* 
ledge and careful research of M. Agassiz, that, in spite of 
this, he has been able to give a tolerably complete sketch 
of the fossil fishes of the London clay. 

Like the fishes of older formations, the London clay 
species may be distinguished into groups ; but, in conse- 
quence of the much nearer resemblance to the recent type, 
these principally belong to the Cycloid and Ctenoid orders 
of M. Agassiz, very few indeed of the Ganoid order, so 
characteristic of the older beds, being here found. In fact, 
while the whole number of the Sheppey species at present 
known amounts to ninety-two, and only eleven of these are of 
the more ancient type of Ganoids, thirty-two being Placoids 
(chiefly rays and sharks,) while no less than forty-four are 
distinctly referable to existing families of the Ctenoid and 
Cycloid orders ; most of the latter are very nearly allied to 
existing species. 

Among the principal families of fish represented in the 
London clay of Sheppey are those of which the perch, the 
mackarel, the blenny, the herring, and the cod are the re- 
spective types. The species of the perch family are by 
far the most numerous of the Ctenoid fishes (those having 
the scales jagged like the tooth of a comb,) while those 
allied to the mackarel are equally predominant among the 
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Cycloids. It appears, that, of about a hundred and forty- 
four Cycloid and Ctenoid species of fishes which now in- 
habit the seas surrounding the British Islands, there are 
seven species of the perch, eleven of the macj^arel, twenty 
of the cod, eight of the herring, and eight of the eel fami- 
lies ; and referring to the whole number (about forty-four) 
of the fossil species of the two first-mentioned orders found 
in the London clay of Sheppey, we meet with the same 
number of species (seven) of the perch tribe, twelve species 
of the mackarel, four species of the cod, two of the herring, 
and one of the eel family, while four others of the mo^t 
abundant recent families are either totally absent or very 
sparingly represented. On the other hand, there is, besides 
these, one family, now almost confined to the southern seas, 
but represented in the London clay by three distinct genera ; 
another (now absolutely tropical,) by a genus nearly related 
to the existing tropical form : while a third, which includesr 
the common sword-fish, a species of which, inhabiting the 
Mediterranean, sometimes strays to our shores, was repre- 
sented by five species referable to four genera, all of which 

Fig. 121 



SciiENURUS. 

have analogies connecting them with species at present only 
met with in the southern seas. 

As an example of one of the fishes whose remains are 
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extremely common in the London clay of Sheppey, I give 
a restored figure of the Scianunis (S. Bowerbankii,) which 
illustrates some peculiarities, as well as shows the general 
resemblance to existing groups. This genus .is of the Cte-^ 
noid order, and not very widely removed in its affinities from 
the perch. It affords an example of unusually perfect restora- 
tion from fragments almost always injured and displaced, and 
it departs so far from modern types, that, although its place 
in scientific classification can be determined, (chiefly from 
the scaled cheeks, and the bony plates about the head,) 
there is yet decided proof of its being a new genus. 

It is interesting to find, that, while this and many other 
marine representatives of the perch and modern allied forms 
existed, other species now common are unrepresented. 
The whole of the salmon family as now known is absent ; 
and of the numerous important and useful varieties of the 
cod only four species have been met with, but few speci- 
mens of which have yet been discovered. On the other 
hand, a tropical . family nearly allied to the salmon (the 
Characida) is represented by one or two species of large 
size ; and there are others, belonging to a family of which 
several genera are now living in the tropical seas of Asia, 
where these animals dart about from place to place with 
restless activity, and are remarkable above all the other 
fishes for their singular forms and brilliant play of colours. 
It is hardly possible to imagine any thing more strange in 
appearance than the fossil species of these animals, although 
the recent forms are sometimes sufficiently grotesque. One 
extinct genus, for instance, is remarkable for having a fin 
rising like an immense mast from behind the head to a 
height far greater than the length of the body, a correspond- 
ing sail extending from this to the tail, while there are two 
extremely slender though nearly equally long fins on the 
belly. Another is, if possible, more singular and prepos- 
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terous, the height of the body and fins together being three 
times as much as the whole length of the animal. These 
fishes are chiefly met with in the Monte Bolca beds of north 
Italy. From all this it appears extremely probable that the 
older tertiary fishes existed under different climatal condi- 
tions from those which obtain at the present day on the 
coasts of Europe ; a conclusion confirming that arrived at 
by the examination of firuits and seeds drifted down and 
deposited in the Isle of Sheppey. 

In considering the ancient tertiary fishes of Europe, I 
have confined myself to an account of those of the London 
clay, because in the adjacent basins of the same age in 
Hampshire and the Isle of Wight, in the neighbourhood of 
Paris and other parts of France, and in Belgium, the fossils 
found include but few remains of this kind, being chiefly 

indicative of the condi- 
^S* ^22 tion of the sea with regard 

to the other inhabitants, 
such as shells, or else 
oflering illustrations of 
the nature of the quadru- 
peds and land animals of 
higher organization than 
of fishes. The two re- 
markable localities al- 
ready alluded to, that of 
Monte Bolca in northern 
Italy, and that of Mount 
Lebanon in Asia Minor, 

^ „ - include also many re- 

FossiL Kay from Lebanon. n n % j 

(Cjclobatis.) "^^^"^s ^f fi^'^^^^ .^^ 

these, although exhibit- 
ing difl'erent species, still further confirm the general con- 
clusions arrived at firom the study of the Sheppey beds'of 
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the London clay. A very interesting example has been 
described lately by Sir P. Egerton, and is figured in the ac- 
companying cut. It is a small but perfect Ray ; and the 
rarity of obtaining Placoid fishes of any kind, even in tole- 
rable perfection, renders this beautiful specimen extremely 
interesting. It is a male of full age, with a smooth skin, 
slender tail, and no defensive weapons. It presents so 
many analogies with the toq)edo, that, like the species of 
that singular group, it may have been provided with a 
special electric apparatus, to enable it to obtain food and 
resist the attacks of its enemies. 

We ought not to conclude the account of the fishes of 
this period without referring also to ' those species of the 
Ganoid and Placoid orders found in the Isle of Sheppey. 
The hard crushing teeth of some remarkable Granoid fishes 
are found occasionally, and have been described by M. 
Agassiz, in bis great work on fossil fishes. The flat pave- 
ment of palatal bones with which these animals were pro- 
vided probably enabled them to grind to powder the shells 
of the molluscs and crustaceans on which they fed. Besides 
this group, there was also a species of sturgeon existing at 
the period in question ; as many as seventeen well-marked 
species of large rays, besides two saw-fishes ; ten species 
of shark, and three species of the family of ChimaridiB or 
sea-monsters, which exhibit a close affinity to the sharks. 

The reptiles inhabiting the land, and the rivers and estua- 
ries near land, at the time of the London clay deposit, 
exhibit evidence with regard to the question of climate 
strictly in accordance with that suggested by the examina- 
tion of the fishes, the molluscs, and the vegetables. Thus 
we find a lacertian and several crocodilian animals, some 
turtles and tortoises, and a very interesting addition to pre- 
viously discovered reptiles, namely, a serpent. The croco- 
diles of the London clay most nearly resemble a species 
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from the island of BorneOy but are certainly distinct. The 
tortoises are some of them freshwater, and there are a few 
marine turtles exhibiting some interesting peculiarities, and 
connecting the freshwater and marine tribes ; but most of 
the marine species are smaller than those now existing, and 
resemble species restricted to warm climates. 

The serpents of the London clay are extremely interesting, 
fdr they are of the tribe now represented by the boa con- 
strictor and python, and attained unquestionably very lai^e 
dimensions, varying, probably, from ten to upwards of 
twenty feet in length. Reptiles of this kind only exist at 
present in tropical countries, and they generally prey on 
quadrupeds and bird^. 

The fossil remains of birds from the older tertiaries are 
exceedingly rare, owing, no doubt, chiefly to the fact, that 
the fragments of such animals would be rarely conveyed to 
the sea or estuary where a deposit was going on. Still the 
London clay of Sheppey has yielded proof of the existence 
of more than one species of bird which inhabited the land 
at the time of this deposit, and amongst them is a true vul- 
ture, smaller than any now known to exist. 

Although the remains of birds are very rare in the marine 
formation of the Loudon clay, several species have been 
obtained from the examination of the Paris Basin fossils, 
some of which more or less resemble the pelican, the sea- 
lark, the curlew, the woodcock, the owl, the buzzard, or 
the quail. In a few instances the general outline of the 
skeleton has been preserved. 

We next have to consider the land quadrupeds charac- 
teristic of these strata. Such fossils are much more com- 
monly found ^in the gjrpsum beds near Paris than in the 
London clay ; but this has no doubt arisen from the circum- 
stances of deposition, since the same or nearly the same 
groups are indicated throughout the whole district. The 
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Paris fossils were described by Cavier, and their description 
formed the first of his long and important series of contribu- 
tions to the accurate knowledge of extinct animals, which 
has given such steadiness and certainty to the science of 
palseontology. The tertiary remains thus serving as the 
groundwork of the ^^ Ossemens Fossiles " included a con* 
siderable number of species, chiefly belonging to the group 
of Pachydermata or thick-skinned animals, now represented 
by the elephant, &c. ; they also include a number of carni- 
vorous animals (quadrupeds,) such as a wolf, a fox, a racoon, 
&c., and an opossum. 

Besides these animals, several of which are repeated 
among the comparatively rare mammalian remains of our 
own island, there have been found also in England a few 
fi'agments of teeth indicating the existence of a monkey and 
a bat. These occur in sands of the age of the London clay, 
and they tend to complete the chain of evidence already al- 
luded to, and render it highly probable that a warmer tem- 
perature obtained in these parts of the world during the 
early tertiary period than at present. 

I have already alluded to the apparent predominance of 
the pachydermatous tribe of animals among the quadrupeds 
of the Paris Basin, and it is interesting to find that the vari- 
ous genera of this group seem to have represented those of 
the great tribe of ruminants afterwards predominant. This 
would seem to show that the state of the land was then less 
favourable for such animals as are now common in Europe, 
and renders it probable that a different and more luxuriant 
and rank vegetation mi^t then have prevailed. 

The pachydermatous animals that chiefly attract attention 
amongst the older tertiary quadrupeds are those which have 
been named Pakeotherium and Anoplotherium. Besides 
these there are also many others more or less nearly allied. 
Most of them exhibit analogies with the horse, and connect 
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the heavy pachyderms, sach as the elephant and tapir, with 
the ruminants. They form a well-marked group, of which 
the tapir is perhaps the best living representative ; and, as 
all the knowledge that we possess, as well of the structure 
as the habits of these creatures, must necessarily be com- 
parative, perhaps the best introduction to the description of 
the extinct group will be an account of the less known 
peculiarities of the existing type. 

The tapir occurs both in South America and in the In- 
dian islands, but the species are, as might be expected, 
quite distinct. The animal is about the size of a small 
horse, but it has a short proboscis, and in its general ap- 
pearance might be considered intermediate between the 
elephant and the pig. Its teeth are somewhat like those of 
the rhinoceros, and are adapted for succulent vegetable food. 
Its skin is nearly naked, like that of the elephant ; its habits 
are semi-aquatic ; and though quiet, it has not been domesti- 
cated. It seems to pass a solitary existence, buried in the 
depths of the forests, and never associating with its fellows, 
but flying from society and avoiding as much as possible 
the neighbourhood of man. It rarely stirs abroad from its 
retreat during the day, which it passes in a state of quiet 
lethargy, and seeks its food only by night. With the ex- 
ception of the hog, it is the most truly omnivorous of the 
tribe of animals to which it belongs, for scarcely any thing 
comes amiss to its ravenous appetite. Its most common food 
is vegetable, and consists of wild fruits, buds, and shoots.* 

The description of the habits of the tapir would proba- 
bly require little change to be applied to the Lophiod<m,\ a 
genus of extinct pachyderms most nearly resembling the tapir, 
but known only by imperfect fragments. A considerable 

* Gardens and menagerie of the Zoological Society delineated, vol. i. p. 
202. 
t Ao^uL (Jophia,) a crest ; eJVt/c {odous^) a tooth. 
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number of species (upwards of twelve) are however known ; 
and one is as large as the largest rhinoceros, but the others 
are much smaller, and one does not equal in size the small- 
est variety of pig. Fragments of four species of this genus 
have been determined from the English eocene beds, and 
all of them probably inhabited the drier parts of the land. 

The Pakeotherium* is much better known than the Lo- 
phiodon, probably because it was an inhabitant of districts 
nearer water, into which its remains were readily drifted. 
Like the Lophiodon, the different species (which are nume- 
rous) varied greatly in size. Portions of the skeletons of 
these animals have been found in the gypsum-quarries near 

Fig. 123 




Paljsotberium. 

Paris, so needy perfect, that \heir remains no doubt what- 
ever as to the general form and proportions of several of the 
species. They were all provided with a short fleshy snout 
or proboscis ; and, in the arrangement, number, and gene- 
ral character of the teeth, they combined the peculiarities 

* Thtxttot (paUnu^) old; 6»^i> (therion,) a beast 
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of the tapir and riiinoceros. Unlike the ti^ir they had,, 
however, only three toes on each foot Their legs also 
were longer, and their general form more slender than that 
animal, at least in the ^ecies of medium size; and in this 
respect the Paheotherium was probably intermediate be- 
tween the tapir and the horse. 

The AfiofloUierium* may be considered as a still farther 
departure from the tapir towards the ruminants, having 
been far less clumsy and more agile in its movements than 
either the Palseotherium or the tapir. The animals of this 
interesting group exhibit two peculiarities which are ob- 
served in no other quadruped, the feet having only two 
toes, and the teeth being placed in a continuous series with- 
out any interval between the incisors and the molars, as is 
the case with all other Mammalia except man. For this 
reason, namely, the absence of tusks, or canine teeth longer 
than the other incisors, the animal has received its name of 
Anoplotherium, or " weaponless;" and there are three well- 
marked sub-genera, all of which appear to have been abun- 
dantly present during the older tertiary period. They none 
of them hs^d a proboscis or produced snout ; and in this and' 
other respects they rather resemble the ruminants than the 
pachyderms; but one species seems to have been well 
adapted to live in swamps and marshes, and probably for 
that reason its remains are more common than those of the 
other forms. 

This first species belongs to a division considered typical, 
and attained the largest dimensions. It was about as tall 
as a dwarf ass; but its body was longer in proportion, and 
its tail of enormous size, giving the animal the general as- 
pect of the otter. It is most likely that this species lived, 
chiefly near the water, feeding on roots and the succulent 

• AvA (ana,) privative; otxoc (op2M.) a weapon; Owf^y {ihmon^ a beast: 
an animal withoot defensive or offensive weapons, (having no tusks.) 
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leaves of aquatic plants. Its totdl length, iiidading tlie tail, 
would be nearly eight feet; its skiii wa^ probably eltheif 
naked or covered with smooth hair lik^ t&e otter; it£^ 6afs 
were no doubt short, and its whole appciaranc^ must have 
been that of an animal fitted to inhabit and seek its food id 
water. By far the most reiharkable pec'uriarity in thid sp€~ 
cies is the tail, which was composed of rt6arly thilrty tfef- 
tebrse, and equalled, if it did not surpass, the l^l^gth dt iXi 
body. Cuvier has observed that no living ^niihal, Witt the 
exception of the kangaroo, has so long and so powerful a 
tail. 

The species characteristic of the second group of A66pfo- 
theres. Called Xipkodon (see fig. 124,) was very ditfefenf, 

J%. 124 




Anoplotrerian Animal. 
{Xiphodon,) 



both in its proportions, its size, and its habits, from the more 
common species just described. It is called gracik^ or 
18 



Digitized by CjOOQ IC 



!^4 PICTURESQUE ^KETCHES 

slender, as au indication of its superior agility and slender 
proportions ; and, indeed, the graceful elegance of the bones 
of its skeletoji reminds one more of the structure of the 
gazelle than of any otb^r quadruped. Its height was about 
as large as that of a goat, but its head and trunk would 
indicate a giuch smaller animal, as the bones of the extre- 
mities were excessively elongated, and in striking contrast 
to the specie^ first described. Light and elegant as the 
gazelle,, it would course rapidly along on the banks of 
the lakes and rivers, or on the borders of those marshes in 
which the former species lived, and would feed on the 
aromatic herbs,, and browse on the young shoots and tender 
buds of shrubs growing in such localities. Its movements 
would be free and unincumbered; and, like most of the 
more active Herbivora, it was doubtless a timid animal, and 
provided witb large and very mobile ears, readily turned in 
any direction at the slightest approach of danger. There 
can be little doufet, too, that it was covered by very short 
hair, and that in all external characters it resembled closely 
the ruminants (such as the smaller deer,) and could hardly 
have been distinguished from them. 

The third group of Anoplotheres contains several species 
much smaller than either oj^ those just described, one of 
which resembled the bare,. Eot only in dimensions but also 
in the proportions of its limbs, which are so contrived as^to 
have given it gceat swiftness of motion, and therefore a 
means of escape from its enemies. If the Xiphodon was the 
roe of the antediluvian world, and, from the almost total 
absence of true ruminants, it is not impossible that the place 
of the deer tribe was occupied by the pachyderms, this little 
species represented ia the same way the smaller rodents, 
such as the hare and the rabbity 

It is interesting and curious to find that there is another 
small pacbydecmi^ wbosie retmaixvs have been found in the 
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London clay, but which belongs to a distinct genus, still 
more closely resembling the hare, and was even provided 
with the large full eye so strikingly characteristic of that 
timid quadruped. This genus approaches also very closely 
to another from the Paris Basin, and both of them resemble 
a small quadruped called hyrax, a native of Africa, and some 
parts of Asia, more than any other existing pachyderm. 

Having now considered in detail these various groups, 
let us next attempt to group together the principal geologi- 
cal observations of the early tertiary period in Europe. In 
doing so it may be noticed, first, that at this time all the 
great plains of Europe and the districts through which the 
principal rivers now run were then pix)bably submerged ; 
and that in all probability the land chiefly ei^tended in ^ 
east and west direction, far out in the Atlantic, possibly 
even trending greatly to the south and. connecting the westr 
ern shores of England with the western, islands of Africa. 
The land now forming the great mouiUain. chains intersect- 
ing Europe, the Pyrenees, the Alps^ the Appenines, the 
mountains of Greece, the mountains of Bohemia, and the 
Carpathians, existed then only as chains of islands in an 
open sea. Elevatory movemients, having, an east and west 
direction, had already commenced, and were producing 
important results, laying, bare the Wealden district in the 
south-east of England^ The southern and central European 
district and parts of western Asia, were then the recipients 
of calcareous deposits (chiefly of Foraminifera,) forming in 
deep water what is now the Appenine limestone, while the 
numerous islands* were gradually lifted above the sea level, 
and fragments of disturbed and fractured rock were washed 
upon the neighbouring shallows or coast-line, forming beds 
of gravel which form the first covering of the chalk, where- 
ever it has received other older tertiary deposits. The beds 
of nummulites and miliolites contemporaneous with those 
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containing the Sheppey plants, and the Paris qaadrapeds, 
seem to indicate a deep sea at no great distance, and prove 
that there were frequent alternations from the deep sea to a 
coast-line, perhaps the result of disturbances acting in tiie 
direction already alluded to. 

The shores of the islands or of the tract of main land then 
existing were apparently low and swampy, rivers bringing 
down mud in what is now the south-east of England and 
the neighbourhood t)f Brussels, but extensive calcareous 
beds near Paris. Deep inlets of the sea, estuaries, and the 
shifting mouths of a river, were also affected by numerous 
alterations of level not sufficient to destroy, but powerful 
enough to modify the animal and vegetable species then 
efdsting ; and these movements were continued for a long 
time. The seas were tenanted by sharks, gigantic rays, and 
many other fishes of warm latitudes, and abounded also 
with large carnivorous molkisca, capable of living either in 
fresh or brackish water. Th« shelving land was clothed 
with neh tropical vegetation to the water's edge, presenting 
to view the palm and the cocoa-nut, besides many of those 
trees which now lend a charm to the Spice Islands of the 
Indian seas. All these abounded also with indications of 
animal life. 

The large rivers were peopled with crocodiles ; turtles 
and tortoises floated upon them ;. and these tenants of tW 
water, strange and varied as they were, and unlike the pre- 
sent inhabitants of the district, were not without resem^ 
blance to many species still met with on th« earth. 

The interior of the land, of which the surrounding waters 
were thus peopled, was no less remarkable, and exhibited 
appearances equally instructive. Troops of monkeys might 
be seen skipping lightly from branch to branch in the va- 
rious trees, or h^rd mowing and chattering and howling in 
the deep recesses of the forest. Of the birds, some clothed 
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in plumage of almost tropical brUUaacy, were busy ia the 
forests, while others, such as the vulture, hovered over the 
spots where death had been bu^. Gigantic serpents might 
have been seen insidiously watching their prey. Other ser- 
pents in gaudy dress were darting upon the smaller quadru- 
peds and birds, and insects glittered brightly in the sun. 
All these indications of life and activity existed, and that» 
too, not fSeur distant from the spots on which are placed die 
two most important cities in the world. But this happened 
not only before our island was visited by its earliest human 
discoverer, but long before man had been introduced on 
the earth. 

Not less strange, however, than those already alluded to, 
were the other inhabitants. With the monkeys were as- 
sociated small opossums, squirrels, a racoon, and other 
animals at that time the tenants of the forest. Several 
of the smaller Carnivora prowled about preying upon these, 
and amongst whom, a species of fox and a wolf show, that, 
as there was a large supply of animal food, so there were 
other animals to avail themselves of the supply. But in all 
this one thing is remarkable ; it is the almost total absence 
of the tribe of ruminants. None of those which are so 
useful and almost necessary to man were then to be seen. 
The deer tribe and the goat, the sheep, the ox, the camel, 
all are wanting, and their place was filled by various repre- 
sentatives belonging to the tribe of which the hog, the 
horse, the rhinoceros, and the elephant, are the present 
types. These, indeed, were abundant and varied enough, 
both in their dimensions, their appearance, and their habits. 
Some swam in the water ; some tripped lightly and elegantly 
on the borders of the marshes ; others, constantly on the 
alert, ran like the wind at the slightest approach of danger, 
or were watching that they might escape by flight or con- 
cealment the fate that attended them. Every thing was thus 
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perfectly adapted to animal wants and necessities, but no 
preparation was yet made for man. Quadrupeds had taken 
the place once held by reptiles, and include herbivorous as 
well as carnivorous forms, and so far an advance seems to 
be indicated, but the destructive races still preponderated 
in point of numbers and importance. 

Such seems to have been the condition of things at this 
early tertiary period, as far as is made known by geological 
investigations in Europe, and thus grand seems to have been 
the first development of the higher types of animal exist* 
ence if, indeed, our ignorance of more ancient tracts of 
widely extended land may not have led us falsely to the 
conclusion that true mammalian quadrupeds were only 
abundant during the last epoch of the earth's history. 
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CHAPTER XIIl. 

THE CONDITION Or BUROPK A#TBR THt OhDEtt TERTIARY RlDS HAD BfeBN 
DBPOSITBD, BUT VRttlODS TOTHB HISTORIC PBRIOD. 

The great series of modifications of the surface affecting 
Europe, of which the commencement has been described 
in the last chapter, continued at intervals through a very 
long period, marked by successive changes in animal and 
vegetable organization, until at length we reach to the exist- 
ing creation. Looking, however, at the most recent con* 
elusions of palaeontologists concerning tertiary formations 
generally in the old continents, there does not appear any 
probability of a true subdivision of those beds into distinct 
periods, nor does there seem any proof of more than a mere 
local grouping of the various parts. The whole tof the 
tertiary geology in Europe may certainly be regarded as 
continuous ; and perhaps it would be found that all the other 
epochs were in the same way really unbroken, if we were 
in possession of materials enabling us to observe with accu- 
racy the mutual bearing and infltienee o^ each jpart ' upon 
the whole development throughout all time. 

We left off" in the last chapter with an account of deposits 
chiefly in the vicinity of London and Paris, but reaching 
also on the one side to the capital of Belgium, and on the 
other to the south flanks of a portion of the Alps, and the 
eastern part of the Mediterranean. There can be little 
question that throughout the whole of Europe the general 
change of level, the commencement of which is thus marked, 
was such as to produce elevation on a grand scale, but it 



■ Digitized by VjOOQ IC 



m 



PICTXTEESQUE SKETCHES 



was long before this elevation was sufficient to raise above 
the waters the great plains of our continent, or those dis- 
tricts watered by its principal rivers. These, indeed, were 
the recipients of the great mass of the deposits then going 
on ; and it is not unlikely that the very fact of reiterated 
changes of level may have rendered the amount of material 
thus removed very considerable. 

Tiie great valleys of tb^ I^oire and tbfi Garonne U) 
France; die tract between the High Alps and the Jura 
mountains in Switzerland ; the tract north of the Alps ex- 
tending eastwards in the present valley of the Danube to- 
wards Turkey, and as far as Hungary, and then northwards 
into Poland ; the tract, also, north of the Alps extending in 
the Rhine valley as far as Mayence, and occupying a breadth 
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139 
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MmPLE TVRTIABT ShIUUS,* 



of ipany leagues; the eastern coast of England, the west" 
ern coast of the Spanish peninsula, and the south of France, 
— r^l these districts are marked by deposits, for the most 
p^ more recent than the London and Paris beds, but more 
ancjient than the great south Italian series, and distinctly 
separated ffom the cavern and gravel deposits, which ap- 



* 195, Venus. 136, Peeten. 
Mitnu 130,Coini. 



137, AurieuU. 138, TurriteUm, 139, 
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pear to be among the newest of the geological formations in 
what is now called Europe. The more remarkable cha- 
racteristics of this intermediate period, so far as fossils are 
concerned, must, be sought for in the strata of the Rhine 
valley, where we find some remarkable and interesting zoo- 
logical facts developed, although on the whole the natural 
history of the period in question manifestly combines the 
more ancient character of the older strata with the recent 
zoology and botany of the same countries at present. With- 
out at all dwelling on the subject of the fossil shells and 
other Invertebrata of the period, a group of some charac- 
teristic forms is given to mark the gradual and peculiar ap* 
proximation to the existing fauna. 

In beds of the middle or newer part of the tertiary epoch, 
there are also occasionally found numerous remains of rep- 
tiles, but these are chiefly confined to forms more or less 
resembling those of existing nature. Amongst them, how- 

Fiq. 131 



OENuroEN Fresh-water Tortoise. 

ever, may be mentioned a gigantic salamander, once 
thought to be the remains of some human skeleton, and nu- 
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merous turtles and tortoises exhibiting marked peculiarities 
of structure. The beds at Oeningen, in Switzerland, near 
to the Lake of Constance, offer a rich variety of such forms, 
and include, also, many very interesting species of fishes, 
all of ^vhich are extinct. The figure annexed (131) repre- 
sents an interesting chelonian animal from this district. 

Of the quadrupeds of this middle period, the Dinotherium* 
is in some respects the most remarkable, not only in point 
of size, but in its relation to the anoplotheroid animals of 
the older beds on the one hand, and to the elephantine ani- 
mals of more recent times on the other. The remains of 
this monster are nowhere common, bftt have been found 
both in the Middle Rhine valley (between Mayence and 
Bale,) and also in the valleys of the Jura chain. 

It dwelt, probably, in 
J^> 133, swamps. Its length was 

nearly twenty feet; its 
body, huge and barrel- 
shaped, very much re- 
sembling that of the hippo- 
potamus, being little raised 
above the ground, al- 
though the huge columns 
which formed its legs are 
supposed to have been 
nearly ten feet in length. 
Its head, rarely, perhaps, 
brought entirely above the 
water, was like that of a 
large elephant, and it was 
provided with a short, but 
veiy muscular and powerful proboscis. A pair of large and 
long tusks werd appended to this skull, and curve, down- 

* Amta; (deifiof ,] fearfully large ; eNf^ey {therion^) a beatt 




DmOTHIRIUM. 

(Skull.) 
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wards, as in the walrus. But observe the fact most remarka* 
ble of all. These tusks do not proceed from the upper jaw, 
whence they could be made to depend entirely upon the 
bones of the neck to support them, but are fixed in the 
lower jaw, and are planted, as it would seem, in this strange 
position at the greatest possible mechanical disadvantage. 
There can scarcely be a doubt that an animal provided with 
appendages so placed was an inhabitant of water ; and the 
tusks, which are very large, were probably useful as pick- 
axes, enabling the monster to dig for succulent vegetable 
food by day, while perhaps at night they could be attached 
like anchors to the banks of the river or lake in which the 
animal habitually dwelt. It was the most gigantic of the 
herbivorous quadrupeds, and was associated with the pals- 
otheres of the more ancient tertiary period, and with the 
mastodons and elephants which lived on till a far more 
recent date. 

It is not unlikely that at this time, when the pateotherium 
and the dinotherium were thus companions of the elephant^ 
a large fresh-water lake covered what is now the valley o^ 
the Middle Rhine. This supposition involves the existence 
of tracts of land enclosing such lake, but the direction of 
the land must have been somewhat different from that now 
adjacent. An open sea then seems to have extended from 
the €aspian and Black Seas towards the north-west, quite 
into the north of Switzerland. The present chain of the 
Alps was rising and assuming the character of a mountain 
range, forming, perhaps, islands in this great sea, which 
must have covered the whole of Italy, Turkey, and Crreece, 
a great part of Asia Minor, and much of northern Africa. 
The great features of the modern fauna, and even of the 
flora of these districts, were, however, already in the course 
of development ; the continent of Europe was beginning to 
assume its general contour ; England was, perhaps, already 
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an island, though in that case only recently separated from 
the main land, to which it was afterwards united ; and the 
pent*up gases, whose efforts to escape were lifting extensive 
districts above the sea-level, and forming great chains of 
mountains in north Italy, were partly and at intervals re- 
lieved by volcanic eruptions which took place in central 
France, in north-eastern Spain, and in the Lower Rhine, 
Bear the pcesent town of Bonn. Possibly it was also at this 
time (though the event may have occurred earlier) that the 
great submarine flow of melted rock took place, whose ef» 
fects are seen in the north-east of Ireland and the opposite 
islands of Scotland, where the chalk is covered by this 
empted mattar. The picturesque basaltic columns of the 
Giant's Causeway and Staffii mark the extent and intensity 
of a line of volcaaie action, which has long ceased to pro- 
duce direct results in the British islands. 

After the lapse of a certain period, and when tlie eleva- 
tory movements had long gone on, the continent of Europe 
yns at length fully brought above the sur&ce of the sea, 
and became a fit habitation for the land animals of various 
kinds gradually introduced upon it. The deep and broad 
inlets of the sea became valleys and plains ; the lakes were 
dfaiaed by flie great river channels, which, owing to the 
greater devation of the interior, conveyed the water in a 
definite and short course to the sea, instead of allowing it 
to stagnate over wide tracts of low swampy land ; and the 
whole Continent put on its present aspect. 

But durijig these changes the climate had also become 
greatly modified^ The increased proportion of land, espe^ 
ciaUy towards the iK>rtb» would necessarily lower the gene- 
ral temperature, and at the same time render the climate 
mor^ excessive. Vast forests, composed of oak and beech 
iHud iOth^ mod^n trees, produced other and not unimporti^nt 
modificatioos} ajid at this period, probably before the great 
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escpanse of land towards the North Pole had arisen from the 
sea, and while the general character of the great European 
tract was still insular, vegetation extended almost to Ae 
Arctic Circle, and to such an extent as to provide food and 
shelter for the largest quadrupeds. This combination of 
analogies and differences forms throughout a somewhat 
striking character of the middle period, and we find, as 
one result, that the physiognomy of the fauna at pres^it 
obtaining in northern Europe, is closely allied to, though 
not identical with, that which formerly characterized the 
great plains of Siberia, and corresponding tracts of North 
America. 

At this period the most gigantic of the existing groups of 
vegetable^feeding quadrupeds seem to have been repre- 
sented by very nearly allied 
species, roaming at will from ^' ^^^ 

the latitude of Italy to the North 
Pole, and over the whole of the 
land in the northern hemi- 
sphere. These animals were i 
apparently organized so as to v 
be in some measure sheltered 
from cold, the elephants, for 
example, having been cover** 
ed with hair. The species 
include a multitude of ani- 
mals bearing a greater or less Mastodon. 
resemblance to the present in- (Grinding Tooth.) 
habitants of the respective 

districts, but most of them not now met with in a living 
state. Among the animals of this kind now certainly ex- 
tinct must be ranked several species of elephants and the 
Mastodon. 

This latter animal whose mammillated teeth have long 
been known, grew to about the same size as the elephant. 
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being even perhaps occasionally somewhat larger, but its 
body was longer in proportion, its limbs thicker and shorter, 
its mouth broader, and it appears to have formed a link in 
the chain connecting the elephant through the dinotherium 
with the tapir. In North America this animal was widely 
distributed, and perfect skeletons of it have been obtained 
from the great salt-marshes in that country (often many 
acres in extent,) the animal appearing to have resorted 
thither for the sake of the salt, and becoming occasionally 
mired, as large heavy quadrupeds frequently are at the pre- 
sent day. The magnitude of the North American swamps 
or quagmires, one of which extends for forty miles in a 
north and south direction, with an occasional breadth of 
twenty-five miles, renders it probable that some of the more 
ancient deposits in which the remains of land animals occur* 
in a similarly perfect state, may also have been of this 
kind. ^ 

The Mastodon, which with, the elephant was a contempo- 
rary of the dinotherium in the period succeeding the de- 
posit of the London and Paris beds, exhibits in some spe- 
cimens the singular and interesting phenomenon of small 
tusks in the lower jaw, besides fully developed tusks, as 
large as those of the^ elephant, in the upper jaw ; and of 
this fact several fragments of the animal that have been met 
with ofier sufficient proof. Each group of these gigantic 
pachyderms seems to have been very widely spread during 
the period immediately subsequent to its introduction ; and we 
meet with the remains o£ a vast number of individuals not 
only in Europe but in Asia, while the Mastodon and ele- 
phant also extended into North and South America, and 
even into the great island-continent of Australia. 

The actual period at which the dinotherium and Masto- 
don became extinct has not yet been fully determined ; but 
there seems no doubt that the latter genus, as it was more 
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\iridely spread in spac^, had also an extended range in 
time ; and, as we have already had occasion to notice, it 
seems to have connected the middle with the newer series 
of deposits, possibly reaching down almost to the human 
period, and certainly in the latter part of its course being 
accompanied by species which are now existing, both of the 
larger pachyderms, and also of the smaller animals of va- 
rious kinds. 

It was conjectured by Cuvier that the mastodons were 
more aquatic in their habits, and were better adapted for 
swamps and marshes, than the elephants are known to be ; 
but this the form and structure of their teeth renders impro- 
bable, and they most probably fed on tough vegetable food, 
such as the branches of those trees common in the temperate 
zone, and even on harder and coarser substances than those 
which the teeth of the elephant are enabled to grind to 
pulp. 

Widely as the Mastodon was once diffused over the 
earth, — and its remains are met with in the tropics and in 
both temperate zones, and have been found in America up 
to the 66th degree of north latitude, — we still have no dif- 
ficulty in fixing upon its metropolis, since in the north tem- 
perate zone, in the western hemisphere, these remains are 
found to outnumber those of all other large quadrupeds, 
and bear to the bones of elephants the proportion of five to 
one. The magnificent and complete skeleton of a Masto- 
don from the banks of the Missouri, now in the British 
Museum, is an instance of the condition of preservation in 
^hich organic remains of extinct species may sometimes 
be presented for the examination of the naturalist, and ofiers 
an admirable opportunity for making out all the peculiarities 
of structure. We shall see, hereafter^ that, if such magnifi- 
cent examples are not found in the deposits of northern 
India, it is rather owing to the con(£tion oS the beds in 
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Tfrhich fossils are preserved than from any want of abun- 
dance and variety in the species. 

The elephant has been mentioned as the companion of 
the Mastodon in Europe during the middle tertiary period, 
but the animals of this kind were also accompanied by a 
vast multitude of others, whose remains have been chiefly 
found in the beds of the valley of the Upper Rhine between 
Mayence and Bale. During the period thus represented, 
and while a portion of the ^^ crag " on the eastern coast of 
England was being gradually added to the tertiary accu- 
mulations of our island, a gradual elevation was taking 
place in most parts of central Europe, in northern Asia, and 
in North America, modifying the form of the land in the 
northern hemisphere, impressing upon it those peculiar 
characters which it now presents, altering also the climate, 
and rendering it more excessive. Up to this time, how- 
ever, the Arctic ice had probably nowhere extended beyond 
the Arctic Circle, and was perhaps limited to a range far 
within that area. Beyond the 70th or 75.th paraUel of north 
latitude the warm summers then seem to have so far pre- 
ponderated over the cold of winter as to allow of the pre- 
sence of vegetation in spots which are at present bare and 
desolate, the frozen soil now yielding only a few lichens^ 
and vegetable life being often limited to the little blood- 
like particles spotting the surface of the snow. 

The middle tertiary period, whose gigantic pachyderms 
unite such distant quarters of the globe, is, after all, bul 
poorly represented by fossils in Europe, except in the val- 
ley of the Rhine. But we have good proof of changes then 
going on which mark the lapse of a long series of ages ; 
and it is most likely that during this period nearly the whole 
Alpine chain of Europe, and the great range of the Cauca- 
sus, attained considerable elevation, while vast masses of 
sand and other deposited matter were accumulated in the 



Digitized by CjOOQ IC 



OF CREATION. 289 

neighbouring seas in those parts of the continent now 
known as the great valley of Switzerland and the valley of 
the Danube. The volcanoes of central France, of the north* 
east of Spain, and of the lower Rhine and the Eifel, were 
still in full action ; a great part of the Continent was in 
process of elevation ; much of the older transported matter 
called gravel and boulder clay, and many of the erratic- 
blocks, were already covering up some of the more regu- 
larly deposited strata; and icebergs, detached from the' 
shores of a polar sea, were now floated down from high 
latitudes by marine currents, and bore with them fragments 
of rock, the abundant presence of which, when broken into 
small pieces, and mixed together, has proved so great a 
puzzle to Geologists. Perhaps, too, great waves, produced 
by the sudden elevation of extensive tracts of the sea-bot- 
tom, then washed over the low lands with unusual violence, 
tearing up as they advanced every interposed object, and, 
after conveying the broken rocks for a short distance, leav- 
ing them in heaps at the mercy of the next of the great 
waves of the same kind that might sweep by in consequence 
of another upheaval. 

During this time the land was becoming peopled with all 
that rich variety of mammalian life, which characterized the 
later tertiary periods in the northern hemisphere. In addi- 
tion to the elephant and Mastodon, the latter of which soon 
died out, we have two distinct and well-marked species of 
rhinocerois, a hippopotamus, several kinds of horses, large 
insectivorous animals, and a considerable number of Car- 
nivora, some of large size, and differing considerably from 
the groups now inhabiting these parts of the world. We 
also find an important and very interesting group of true 
ruminants, including a gigantic deer, and the aurochs, the 
parent, it would seem, of the tribe of domestic cattle. 
With Uiese are associated marine Mammalia in great variety, 
19 
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forming, oa th6 wboIe» a oingular and \ve]l«<inarked group, 
interestiiig in the highest degree for the analogies it eithi- 
bits with widely-spread existing species, as well as for die 
differences presented between it and any neighbouring 
&una. 

In order, however, to give an idea of the nature of the 
swedes thus forming the inhabitants of nrnthem Europe, 
England, northern Asia, and part of North America (for we 
cannot disconnect the latter geological histoiy of this wide 
tract, including the greater part of the land ia the whole 
northern hemisphere,) we must first trace the conditions 
under which the most remarkable extinct forms of animal 
life are presented. 

Among the more singular and unexpected localtlies for 
fossils of this kind, may be quoted two, very different in* 
every other respect, but both yielding an abundant supply. 
These are, first, the gravel cliffii at the mouth of the rivers 
and on the shores of the Polar seas, where the ice haa 
bound together, as with cement, the bones of the ancient 
inhabitants of those inhospitable climates ; and, secondly, 
the numerous caverns in limestone rocks, common in the 
mountain limestone of England, Belgium, and France, and 
the oolitic limestone of the north of Bavaria and Saxony.* 
These caverns have served as the dens of the animals now 
entombed there ; and we meet occasionally with series cf 
bones belonging to some carnivorous species, exhibiting a 
long succession of generations, and associated with remains 
of other animals upon whom these Carnivora preyed. 

Besides the frozen shores of Siberia, and the caverns 
of England and Europe, the actual gravel spread over a 
large extent of surface in northern Europe and England 
also abounds with fragm^its of large animals,, amongst 

* Similar caverns containing bonet are met with in limestone in the 
Brazils, in Eastern Australia^ and in other parts of the world. 
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which the remains of elephants are especially abitndaiit. 
The marly beds of allavium in Ireland and the Isle of Maa, 
the mass of day and rolled material caUed '^ bfo^n elay," 
in the east of England, and some other alluvial akid diluviid 
deposits, also contain, more or less commonly^ fim^menls 
of the ancient inhabitants of the land, and amongst l^ese 
eq^ially occur the remains of &e larger pachyderms and 
ruminants, which were once common. 

The conditions under which the animal raaains have 
been preserved in the ice are highly favourable, and they 
liable us to judge of much more than the mere doeleton of 
the animal. The preserving power of cold, by checking 
and for the time preventing decomposition, enables even 
the muscular tissue to be retained unaltered, so that we 
have occasionally the skeleton clothed with flesh and skin, 
as if the animal had died but yesterday, and as if we could 
yet consider it as belonging to a living race. It is singular 
thus to find the most perfect monuments of past ages en- 
tombed in ice, buried in the silent sepulchre before death 
had altered a single character of structure, and now from 
time to time disinterred and seized as prey by the present 
denizens of those climates, the wolves, the dogs, the foxes, 
and the bears, or rescued only from the fangs of such as- 
sailants to be the subject of wondering examination by 
man — ^their successor, after countless years^ in the posses- 
sion of the earth. 

There cannot be a question that many of the larger ani- 
inals whose remains occur in the gravj^I of England once 
ranged over the northern continent as far as the 130th de- 
gree of east longitude, and were enabled to live either con- 
stantly or migrating southwards daring the long winter and 
returning agam in the summer, as far north as the 73rd or 
74th degree of latitude. Among the species thus known 
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may be mentioned an elephant and a ihinooeros, bat many 
others certainly accompanied these. 

It will be interesting to consider the condition of animals 
thus embalmed, and the^adaptation they exhibit to ^e cir- 
cumstances under which they existed; but, before de- 
scribing the animals and the state in which they were 
found, it is important to record the fiict, that in the same 
districts, and beyond the 76th degree of latitude, large and 
complete birch-trees are now found embedded in the sandy 
cliffs, and are sufficiently plentiful to be used as foel by the 
inhabitants. And although, on digging them up, they ap- 
pear to have undergone decay, and only emit a glow with- 
out distinctly burning, yet they have generally retained their 
bark, branches and roots. The first living trees of the same 
kind are found about 3^ farther south, but are then only 
shrubs, and do not attain any considerable magnitude till 
we reach much warmer climates. 

The bones and tusks are most perfect and are also most 
abundant in these districts, when obtained from clay hills 
or black earth, at a depth of a few feet beneath the surface ; 
and experience has shown, that the more solid the clay, Ae 
better are the bones preserved. It is curious, also, that a 
greater number are found in elevations near the higher hills 
than along the low coast, some of those hills which are ex- 
ceedingly prolific being as much as 200 feet above the sea- 
level. The sand which contains the fossils is frozen as 
hard as a rock ; but an outside layer occasionally thaws, 
and this being gradually undermined by the water, causes 
large fragments (consisting of frozen sand and bone) to 
break off and fall into the stream. 

The bones and tusks of the elephantine animals thus 
found are said to be less large and heavy as we advance 
towards the north, but increase wonderfully in abundance. 
For about a century the fur hunters have every year brought 
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aTvay large cargoes from the Lacbow Islands, but there is 
as yet no perceptible diminution of the stock. Besides 
being more plentiful, the tusks on the islands are observed 
to be fresher and whiter than those on the main land ; and 
a sand-bank on the western side of one of them proved, on 
one occasion, a most productive spot, the sea, after a long 
continuance of easterly winds, washing an abundant supply 
of bones on the bank, as if from some vast submarine store. 
In the latter part of the summer of 1799, a native Tungu- 
sian fisherman, who was in the habit of collecting tusks for 
sale from among the blocks of ice and rubbish which had 
fallen from the cliffs, saw on the banks of Lake Oncoul, 
near the mouth of the Lena river, and projecting from the 
cliff, a mass of unusual form, but, from its shapeless ap- 
pearance, he could make nothing of it. The year after, 
proceeding to his usual haunt, he noticed that this lump 
was somewhat disengaged and had two projecting parts ; 
and towards the end of the summer of 1801, when he again 
looked at it, he found it to consist of the whole side of a 
gigantic animal having large tusks, one of which projected 
from the ice. So slowly do changes take place in these 
districts, that the next summer being rather cold, no altera- 
tion was to be noted ; but in 1803 part of the ice between 
the earth and the monstrous animal was somewhat more 
melted than before, till the whole at length fell by its own 
weight on a bank of sand. Next year our fisherman came 
in the month of March, and cut off* the tusks, which he 
soon sold for about the value of 50 roubles, (about 7/. lOs.) 
Two years after this, in 1806, being the seventh year firom 
the discovery of the carcase, these distant and desert regions 
were traversed by Mr. Adams, an employe of the Court of 
Russia; and his account of the rest of the history of this 
mammoth, the ancient elephant of northern Europe, is too 
interesting to be abridged, without the loss of much of its 
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value as a tivid descriptioB of so extnuurdinafy a phtao* 
menoQ. 

Mr. Adams states, "At this time I found the mammoth 
still in the same place, but altogether mutilated. The pre- 
judices being dissipated in consequence of the Tungusian 
(who had fallen sick from alarm on first hearing of the ctis- 
covery, because it was considered a bad omen) haying re- 
covered his health, there was no obstacle to prevettt ap- 
proach to the carcase. The i^oprietor was contented with 
bis profit for the tudcs, and ^e Jakutski of the neighbour- 
hood had cut off the flesh, with which they fed their dogs ; 
during the scarcity, wild beasts, such as white bears, 
wolves, wolverines, and foxes, also fed upon it, and the 
traces of their footsteps were seen around. The tkektony 
almost entirely cleared of its flesh, remained whole, with 
the exception of one fore-leg. The bead was covered with 
a dry skin ; one of the ears, well preserved, was furnished 
with a tuft of hairs. All these parts have pecessarily been 
injured in transporting them a distance of 7330 miles, (to. 
St. Peteisbui^h,) but the eyes have beea preserved, and 
the pupil of one can stiU be distinguished. 

" The mammoth was a male, with a loog mane on the 
neck. The tail and proboscis were not preserved. The 
skin, of which I possess three-fourths, is of a dark grey 
colour, covered with reddish wool, and black hairs ; but 
the dampness of the spot, where it had lain so long, had in 
some degree destroyed the hair. The entire carcase, of 
which I collected the bones on the spot, was nine feet four 
inches high and sixteen feet four inches long, without in^ 
duding tibe tusks, which measured nine feet six inches 
along the curve. The distance from the base or root of the 
tusk to the point is three feet seven inches. The two tusks 
leather weighed three hundred and sixty pounds English 
weight, and the head alone four hundred and fourteen 
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IKMnds* The skin was of luch weight, tbat it required ten 
persons to transport it to the shore; and after having cleared 
the ground, upwards of thirt}'*«x pounds of hair was col- 
lected, which the white bears had trodden in while devour^ 
ing the flesh." 

A part of the hair ot this animal is in the Museum of die 
Royal College of Surgeons of London. It consists of two 
sorts, common hair and bristles ; and of each there are 
several varieties, differiog in length and thickness. That 
remaining fixed in the dcin is thick«set and crisply curled ; 
and it is interspersed with a few bristles about three inches 
long, of a dark reddkh colour* Among the separate par- 
cels of hair, are some rather redder than the short hair just 
mentioned, about four inches long, and some brisdes, 
nearly black, much thicker than horse-hair, and from 
twelves to eighteen inches long. 

Thus, then, we find that the elephant of the north tempe- 
rate and Arctic eone was in most respects exceedingly like 
&e species now inhabiting India, and with the excej^ion of 
a warm woolly and hairy covering offered but little modifi- 
cation of structure. It was said by the native who dis-' 
covered the carcase, that it had been so loaded with fat, 
that the b^lly hung down below the joints of the knees. 
The food of the creature was probably twigs and the 
branches of trees; and herds of these gigantic quadrupeds 
may possibly have migrated northwards in warm weather 
to the limits of arboreal vegetation, where from time to 
time individuals were buried either alive, or soon after 
death, in an icy shroud, and where the bones of those who 
died' from natural or violent causes were also buried and 
preserved in the frozen gravel. 

Twenty years before the elephant just described was ob- 
tained from its icy grave, another carcase, also of a gigantic 
tfaick»skinned animal, was found half buried in frozen sand 
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on the shores of the same icy seas. This animal was nearly 
twelve feet long ; its body was clothed with skin, which re-; 
sembled leather, but was so far decomposed that the dis- 
coverers were unable to bring away more than the head and 
feet. The skin of the head was found to have preserved 
all its exterior structure, and one could see upon it many 
short hairs. The eye-lids and eye-lashes had aot entirely 
fallen into decay ; a substance existed in the cavity of the 
skull, and beneath the skin were, in some places the re- 
mains of the putrified flesh. It was known at once to be a 
rhinoceros, by the situation of the bom and the fold of the 
integument which surrounded it : the horn itself was ab- 
sent. 

In this example the individual belonged to a species ex- 
ceedingly different in many respects, especially in the 
form of the head, from the only known existing species 
of rhinoceros, and the interest is even greater , than in the 
former case, because the differences are more striking. 
The hair (a characteristic part) was short on the face, and 
strongly planted in pores of the skin ; it grew there in tufts, 
'was of a rigid texture and grey colour, with here and there 
a black hair longer and stiffer than the rest. The hairs also 
adhered to many parts of the skin of the legs, being from 
one to three lines long, and of a dirty ash-colour; they 
were much more abundant than is ever seen on the living 
species. It is not to be inferred, from the thinness of this 
hairy covering of the legs, that the body was also sparingly 
clothed, since other wool-covered Arctic animals, as, for in- 
stance, the musk-ox, are similarly bare on the extremities. 

The extinct rhinoceros, thus discovered in Siberia, was 
like the elephant, widely distributed over the northern 
hemisphere, at least through the eastern continent, and 
extended as far as our own island. Its hide was destitute 
of the folds which characterize that part in the existing one- 
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homed species. One horn, probably the one planted on the 
bones of the nose, has been found, and is of very large sizey 
measuring nearly three feet in length ; and there was pro- 
bably another behind it, — both of them longer and more 
formidable weapons than are found in any of the known 
existing species. The head of the extinct animal was also 
longer in proportion, and terminated by a very strong bony 
apparatus, well shown in some of the skulls that have been 
preserved. 

The teeth of this animal prove that its habits, with re- 
gard to food, were not very different from those of the 
recent species ; and probably those individuals whose re^ 
mains are found imbedded in tjie Polar ,ice, were in the 
habit of migrating from the south during the short Arctic 
summer, and either died from natural causes, or being 
overtaken by the sudden and intense cold, were prevented 
from returning. This is the more probable, since, in addi- 
tion to the animals already described, many others^ and 
amongst them the large bear and the musk•^ox of the Arctic 
land, are known to occur ; and the migratory habits of the 
latter animal have been distinctly noticed by good na- 
turalists. 

The large animals formerly spread over such extensive 
tracts in northern Europe, found in the frozen gravel and 
sand on the shores of the Polar seas and in the drift-gravel, 
and often associated with large boulders in warmer lati- 
tudes, have also been in many cases preserved in caverns, 
in limestone rocks, or in the alluvial deposits of lakes and 
rivers. We obtain also from these sources a knowledge of 
many species, not hitherto met with in so perfect a state as 
the elephant and rhinoceros just described, but still afford- 
ing sufficient material to enable us to determine their general 
structure, external form, and habits. Among the most in^ 
terestii^g of these, from their size and the circumstances 



Digitized by CjOOQ IC 



298 PICTURESQUE SKETCHES 

under which they occur, may be ranked the great cavern 
bear, the cavern hysna, a gigantic feline animal of the 
caverns, a gigantic animal of the Bos tribe, and a very large 
homed cervine animal, often designated as the Iridi elk. 
Remains of all these, and also of the hippopotamus and other 
pachyderms, have been met with in more or less abundance 
in the caverns, and are mixed with the drift and other gravel 
of our own country. 

The history of these caverns is almost as curious and 
interesting, and is as important in a geological sense, as 
that of the animal remains found in them. They are often 
at a considerable elevation, the opening being on the side 
of the valley. On being first broken into they are generally 
found coated entirely with an incrustation of carbonate of 
Ume, deposited from water that has filtered in firom the 
limestone rock. The floor of the cave is thus hard, and 
^ves no indication of the fossil riches buried beneath it ; 
and even where no stalagmitic incrustation exists, &e true 
ancient floor is covered with a thick sediment of soft mud 
and loam. The general level of the districts in which the 
caverns occur has, probably, in most such cases, undergone 
slow recent elevation without disturbance. 

In one of the most remarkable of these caves (Eifkdale, 
in York^ire,) the appearance, when the mud was removed, 
is described as resembling the floor of a dog-kennel, being 

strewed all over from one end to the other with hundreds 

► 

of teeth and bones of various kinds of animals. These 
firagments were in greatest abundance near the mouth, that 
part being the most capacious; but the bones of all kinds 
of aliiteds. were strewed quite irregularly. 

The caverns thus filled with various bones were in many 
cases the ancient 'dwelling-places of lai^e Carntvora, stick 
as the hyena, the lion, the tiger, and the bear: to these 
spots the temporary owners had brought their pr^ to de- 
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your in secret; here they lired and died» often from gene- 
ration to generationi and in thejse spots we find, written in 
no obscure language, a portion of the early history of our 
island after it had acquired its present form, while it was 
clothed with vegetation, and when its plains and forests 
were peopled by many of the species which still exist there ; 
but when there also dwelt upon it large carnivorous animal^ 
prowling about in the forests by night, and retiring by day 
to these natural dens. 

In our own island the nature of the more abundant bones 
and teeth, the condition of the bones of the neck, and va- 
rious other causes, tend to prove that a large species of 
hyaena, more nearly allied to the South African ^ecies than 
to that of Egypt and Asia Minor, but still very distinct, was 
the almost exclusive tenant of these caverns. Some of them, 
however, and by far the greater number of the very liimilar 
caverns on the Continent, were occupied by a large species 
of bear, equalling, or even exceeding in size, the grisly 
bear ( UrsusferoXj) and well known to fossil collectors under 
the name of Ursus spelaus^ or cavern bear. 




Jaw of Caykbn Biab* 

The great cavern hysena belongs to a tribe now confined 
to warmer climates ; and, while exhibitingall the peculiari- 
ties of structure belonging to its genus, this fossil animal 
was much larger and more formidable than eitiier of the 
nearest allied species, both of which are inhabitants of the 
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Cape of Good Hope. Like the living hjrsenaSy there can 
be no doubt that the extinct species fed on any kind of 
animal food, living or dead, that came within their grasp. 
They obtained their prey chiefly or entirely at night ; their 
teeth were exceedingly strong, terminated with blunted 
cones, and provided with a strong bony belt defending the 
gum (figures 135, 136.) They were thus especially adapted 

Fig. 135 Fig. 136 




Teeth of Cavern Hyjena. 
(Hywna spelwa.) 

for breaking and gnawing bones. The strength of the jaws 
and teeth, and the state of the muscular apparatus for 
working them, was unusually great even for carnivorous 
animals; the neck was compact and powerful, and the whole 
structure bespeaks the greatest possible amount of strength. 
It is a remarkable and interesting fact, and one which dis- 
tinctly shows the correctness of the conclusion with regard 
to the occupation of the caverns by hyaenas, that almost all 
the bones found in them are gnawed and broken, while 
those in the gravel are comparatively uninjured. The 
number of individual hyaenas determined from the exami- 
nation of the cavern bones in England amounted some time 
ago to nearly three hundred, — a large number, when we 
consider how few probably of the ancient dens have been 
broken into and examined, and how large a proportion of 
these animals would necessarily be obliged to depend upon 
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less secure recesses, in those parts of the country where 
limestone rocks offered no cracks and creviciesto serve them 
as dens. 

The hyaena is not strictly a destructive carnivorous animal, 
although it makes the nearest approach to the true feline 
character in its teeth. It seeks rather the dead carcase than 
the living prey, and feeds upon oflal in preference to killing 
for itself. The period at which the large species, just de- 
scribed, was an inhabitant of England, was, however, also 
marked by the presence of more than one very large spe- 
cies of the true feline tribe, well worthy of notice. Although 
the animals of this kind are now nearly confined to warm 
climates, or, at least, are most abundant there, it is by no 
means the case that there is any peculiarity in their organi- 
zation limiting them in this respect, and it is certainly rather 
the abundance of food than the temperature that is con- 
cerned in the result. The Indian tiger is well known to 
follow the great herds of antelopes quite to the verge of 
perpetual snow in the Himalaya mountains. 

The teeth of the fossil tiger of England and northern 
Europe are at least equal in size to those of the largest 
Bengal species, and the bones of the extremities are both 
larger and more powerful ; so that this animal was probably 
even more gigantic than its powerful recent analogue. 
Perhaps this greater size may have been necessary to cope 
with the more vigorous and larger ruminants and pachy- 
derms which roamed over the open plains, or inhabited the 
depths of the forests. 

The teeth of a large species of lion, of a true leopard, of 
a wild cat, and of another remarkable and little known ani- 
mal, also of large size and highly carnivorous habits, have 
been found- in the gravel and the caverns, associated with 
those already described. The teeth of this last-named spe- 
cies quite equal in size the corresponding teeth of the tiger, 
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Tooth of 
Machairodus, 



Fig. 137 and indicate an animal of e^en greater fe- 
rocity. The powerful cutting-tooth, curved 
backwards like a pruning-knifey and stx^ 
rated or jagged like a saw, as seen in the 
annexed figure (137,) is very different from 
the corresponding structure in tbe better 
known FeKdaf and the animal has therefcure 
been referred to a new sub-genus, under the 
name of Machairodui. 

The rumbating quadrupeds contemporary 
with the animals just described, included 
several of the deer tribe, a goat, and at least 
three species of the genus Bos. One of the 
latter is probably identical with the ^great 
Lithuanian aurochs, still preserved in eastern 
Europe ; another is a very gigantic species of 
urus, now most likely extinct ; and a third, 
smaller than the common ox, has been found in the bogs of 
Ireland, and also in various places in England in the super- 
ficial gravel. Of all these, the remains of the aurochs or bi- 
son are remarkable for their large size, and their longer 
and somewhat straighter horns than tbe existing wild bison, 
which is a species still preserved in the extensive forests of 
Lithuania ; but ^till it does not appear that the fossil ani- 
mal can be separated from that species. The aurochs (s 
distinguished from the domestic breeds by a thicker clothing 
of hair, and the development of a curly felled mane at the 
fore part of the body; and it appears to have inhabited 
northern Europe in company with the other species at the 
time of the Roman Empire. 

It is interesting to find, from the descriptions of Caesar, 
that a gigantic aboriginal wild ox (the Urm) was known in 
his time, which was not much inferior to the elephant in 
^ize, and which differed firom the domestic cattle, not only 
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in its miperior cKmetisions generally, but also in the greater 
expanse and strength of its horns. Numerous remains of 
tliis animal found fossil prove it to have been a contempo- 
rary of the elephant, therhinoceros, the hippopotamus, and the 
cavern camivora^ at llie period immediately preceding the 
present condition of things. It is most IScely that the spe- 
cies has now become absolutely extinct, and that the do- 
mestic cattle are rather the descendants of those introduced 
tame by the Romans, than the degenerate produce of the 
other more gigantic species. 

The small Irish ox is remarkable for the flatness of its 
fmfaead and its short and small horns, and may possibly 
have been the original parent of the mountain breeds of 
the Highlands and of Wales. Its remains have been found 
in the gravel, associated with those of the elephant. 

The cervine animals inhabiting England and northern 
Europe, during the last geological period were compara- 
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Fallow Dbkr. 



Megacero^.. 



Elk. 



tively numerous in respect of species, and they include many 
interesting forms. Among Uie most remari[able is that 
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\7faich is generally knoivii b$ the great Irish elk {Cermis 
[Megaceros] Mbemicus;) and the remains of this animal 
were described so long ago as 1697, but were then referred 
to the American moose. The Irish deer, however, sur- 
passed the largest elks or wapiti in size, and much exceed- 
ed them in the dimensions of the antlers. This character — 
the vast proportionate size of the horns — which is illustrated 
in the preceding cut (139,) where they are placed side by 
side with those of other species of deer, (138, 140,) together 
with the stronger proportions of the limbs and the great 
size of the vertebrs of the neck, are modifications which 
completely distinguish the fossil animal from the moose, 
and prove it to have been less like that than many of the 
other deer. In fact, the fallow deer offers the nearest ana- 
logies to this extinct and gigantic species. 

Several well preserved and perfect skeletons of the Me- 
gaceros are now articulated, and may be seen in various 
public museums ; and, although these more perfect remains 
have been obtained from Ireland and the Isle of Man, 
where the conditions were highly favourable for their pre- 
servation, there is not wanting distinct evidence to prove 
that the animal was also formerly an inhabitant of England. 
The expanse of the horns, in some specimens, is said to be 
as much as sixteen feet ; they are branched and palmate, 
and were unquestionably shed and reproduced annually, 
like the horns of others of the deer tribe. The specimen in 
the Museum of the Royal College of Surgeons in London 
is ten feet six inches high to the summit of the antlers, and 
six feet to the top of the longest dorsal spine. In this in- 
stance the span of the horns is but eight feet, and the weight 
of the skull and antlers seventy-six pounds ; but in other 
cases, as in the Dublin specimen, the span of the horns as 
well as the weight is much greater. It is interesting to 
consider the extent of vital energy which could thus throw 



Digitized by CjOOQ IC 



OF CREATION. 305 

out, in the course of three or four months, between sixty 
and seventy pounds weight of osseous matter. 

There is reason to suppose that this animal remained an 
inhabitant of the earth up to a comparatively late period, 
though it had probably died out before the introduction 
of the human race. It must have existed at a time when 
there was abundance of open forest and an ample supply of 
vegetable food, and its remains occur chiefly in the marl, 
but are found also in gravel. There can be little doubt 
that it, and several of its contemporaries, were destroyed 
during or in consequence of the great geological changes 
that have taken place recently in our island, the general 
result of these having been to diminish the supply of food 
and shelter required by the large vegetable feeders, which 
anciently formed a most important part of its inhabitants. 

A very large round antlered deer, whose head was of 
greater size than that of the Megaceros, is found in Eng- 
land to have been contemporaneous with this latter species 
and with the cavern animals ; and with these were also as- 
sociated the red deer, the rein-deer, and a nearly allied but 
distinct species of about the same dimensions, the modern 
fallow deer, and the roebuck. 

Lastly, we find, in addition to these land Mammalia, 
whose remains are com- 
mon, that there are also ^.141 
indications of the larger 
marine tribes of the same 
great natural order. The 
bones of the extremities 

and portions of the verte- Whale's Ear-bone. 

bral column are among 

the fossils of this kind found in the gravel ; and in the difis 
of Suffolk and Norfolk, in the newer and perhaps middle 
tertiaries, below the gravel, fragments have been found 
20 



Digitized by CjOOQ IC 



306 PICTURE8Q0B SKKTCHCS 

which are recognised as ear^^bones of cetacean animals of 
various species and very different size. I annex a figure of 
one of these. 

In tracing the peculiarities of structure and habits of these 
animals, and in describing as almost contemporaneous those 
strange and remaikable pachydermatous genera, the Dinothe- 
rium, the Palsotherium, the Mastodon, and the elephant: 
— associated as these are with the equally striking extinct 
feline animals allied to the lion and tiger, with the hyaens^, 
the numerous herds of ^gantic and wild oxen, the large- 
horned deer and others, many of which are only locally ex- 
tinct, some now locally abundant* I have hitherto omitted 
to direct especial attention to the changes that, must mean- 
while have gone on with regard to the relative level, the 
extent, and the position, of dry land. The picture given of 
the condition of Europe in this respect at the commence- 
ment of the present chapter beiiiig referred to, and compared 
with its present appearance, sonxe idea will, however, be 
formed of the nature and amount of the modifications that 
the surface has undecgone. 

It seems reasonable ta assume tb^t the first elevation of 
great masses of land, some part of which now consists of 
lo{ty paiountain-peak& of granite and of igneous rocks, 
should have been accompanied by local disturbances of the 
bed of the sea, producing waves capable of transporting 
hrge quantities of broken lock, a^d that by a succession of 
similar movements these fragments might be conveyed, 
being more and more pounded and rolled, to a distance of 
many miles, or even hundreds of miles. Perhaps it may be 
because the quantity of land elevated in the Arctic Circle 
was lifted up under different circumstances, and in more 
uniform, dome^haped, and laxger masses,, producing more 
powetfiil waves, that the fragments broken off from the old 
rocks of Scandinavia^ Laplaod, and northern Russia, and the 
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northern parts of our own island (which have all partaken of 
this movement and its consequences,) have been farther 
transported, and are deposited in more regular, more widely 
spread, and more characteristic beds of gravel than the Al- 
pine rocks, whose range is, in every respect, more limited. 

The whole subject of the distribution of gravel is, how* 
ever, one abounding in difficulties which have as yet been 
only partially explained. Besides assuming the action of 
great waves acting for a very short time immediately after 
an earthquake shock, and propelling a mass of broken rock 
with irresistible power at a rapid rate for a short distance, 
some geologists have called in the aid of marine currents. 
The action of the waves on an ordinary coast-line is also 
itself sufficient to account for many e veil of the most striking 
phenomena. While these causes, analogous to those now 
in action, are thought by some geologists sufficient to ex- 
plain the facts, others agab have resorted to ice in some 
form as the only agent c-apable of solving the problem. 
One theory connected with ice is indeed only more impro- 
bable than it is bold and ingenious, its author and sup- 
porters assuming the whole of that part of the earth on 
which gravel is now found to have been once actually be- 
neath a frozen surface, and to have been traversed by gla- 
ciers, such as those which in the Alps produce very simi- 
lar and analogous appearances. There are certainly, how- 
ever, no sufficient grounds for believing that tj^e glaciers 
have ever covered Europe, since there is no evidence of 
the existence of mountain chains from which they could 
have proceeded. 

Although th^se authors, misled by partial observation, 
have thus limited the action of ice to glaciers, or frozen 
streams descending from mountain sides and moving along 
on the plains, simply from the action of gravitation, or by 
some supposed force connected with the alternate thawing 
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and freezing of water, others hare assumed that the ice may 
have acted in the form of icebergs. In other words, it has 
been supposed that glaciers, descending to the sea in cold 
climates, may have been broken off from time to time and 
floated away, conveyed by marine currents until they are 
either melted by the warmer waters of the ocean or stranded 
on some submarine mud-bank or shoal. In either case, 
and both are illustrated by recent examples, the load of 
broken rock which such masses of ice carry would form a 
bed of gravel, which, on subsequent elevation of the sea 
bottom, might become a portion of the general surface of a 
continent or island. 

The breaking up of the surface, during or aft^r the intense 
cold of an Arctic winter, or even of such cold as occurs 
annually in thickly-inhabited districts in Russia, is another 
means by which some of the phenomena of gravel when 
little removed from the parent rock have been explained. 
Geologists are indebted to Sir Robert Murchison for this 
and many other ingenious suggestions concerning the origin 
of gravel ; and there can be no question, that the careful 
examination of existing nature, so far as it is exposed to 
our view, is the most satisfactory as it is the most safest and 
most reasonable mode of explaining the various appearances 
which are presented in the course of geological investigations. 

Whatever the cause or causes may have been, the dis- 
tribution of*numerous blocks of stone, sometimes rounded, 
but more frequently angular, and of every size and shape, 
and the removal of these to various distances from the 
parent rock, are facts distinctly made out. Such blocks, also, 
are not confined to northern Europe, but are met with both 
in North and South America, and in other parts of the worid. 
It is, however, certain, that true gravel with rolled blocks 
of- stone is not universally distributed ; and the effects thus 
produced have been as partial as they were frequent, the 
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result beiQg often quite different. It thus happens that while 
in most cases, common gravel, or transported and erratic 
blocks and boulders, have been deposited, we find else- 
where oiUy great masses of mud and clay, mixed with stones, 
sand, or any other material, drifted into recesses, and left 
there by the iceberg or the retiring wave. 

It is not likely that a great system of elevation can have 
acted during a long period, bursting asunder in some dis- 
tricts the hard and brittle rocks at the sur&ce, and sending 
up granite in a soft and pasty or melted state ; tearing asun- 
der in others the tough superficial beds, and allowing the 
escape of gaseous vapours and currents of molten rock ; 
while in others, again, wide tracts were slowly but perma- 
nently lifted above their former level, without a reaction 
having taken place after the force had ceased to act, causing 
a general or partial subsidence over some vast areas. ' Pos- 
sibly, the more extreme and Arctic temperature which 
many things seem to indicate as characterizing a late geolo- 
gical period, may have been connected with a more uniform 
expanse of land near the poles, the general level of that 
land being also somewhat higher than at present. After 
this partial elevation there may also have been a partial 
depression, especially, perhaps, in nofth- western Europe; 
the climate there may have become ameliorated, while at 
the same time considerable tracts, ^hich had long existed 
as dry land, were gradually covered up by water. 

It was probably after this last depression, succeeding the 
period of deposition of the gravel, and itself accompanied 
by undulation of the surface admitting of many superficial 
deposits in certain districts, that the final separation of our 
own islands, and the destruction of many species of ani- 
mals which had before been their chief inhabitants, took 
place. Possibly, also, the land may then have sunk some 
two or three hundred feet, or even more, below the present 
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level, so that there remained only the higher groonds oi) 
which the smaller animals were enabled to live, while the 
larger ones died out. Another movement of elevation then 
occurred, once more bringing large tracts of land above the 
surface, especially along the north-western extremity* of 
Europe and the neighbouring British Islands, and by this 
were formed the numerous raised beaches of the south and 
west coast of England. It was not till this late modifica- 
tion of the surface, that the courses of the rivers, the gene- 
ral contour of the land, the general relations of land and 
sea, the climate, and the general fauna and flora distinctly 
assumed their present character ; nor was it, perhaps, till 
long after this time, that, on the introduction of man,* new 
changes and modifications took place, and new races were 
introduced, not, indeed, naturally indigenous, but otherwise 
well adapted to the soil and climate. Nor, indeed, is this 
all ; for the same mighty influence has changed even the 
conditions of climate and the natural course of seasons by 
the removal of forests and the draining of marshes. In this 
way have been effected those final, and, in their way, 
mighty changes, which this closing chapter of the earth's 
history calls upon us to notice, although, from their recent 
production, they rather belong to recent natural history than 
to geology in the general acceptation of the term. 

In Europe, and, above all, in England, where every cor- 
ner of land is considered as waste if it is not employed 
directly by human agents and for human purposes, and 
where man is in every thing paramount, these changes have 
now so far afiected the surface of the land, as to render it 
difficult to pursue our investigations with regard to the true 
history of unfettered nature. We must go to distant coun- 

* There is, however, some evidence tending: to prove that man was an 
inhabitant of oar own inland even bo long ago as the cavern bear and 
hyiena. 



Digitized by CjOOQ IC 



OP CREATION. 311 

tries and otlier climes, where nature is still free, to discover 
the great facts of general progress ; it is there, if at all,, that 
we shall find distinct traces of the progress of that well- 
adapted system^ according to which all things, animate and 
inanimate, work together in harmony ; and we must travel 
with the enterprising and the active, over plains and into 
forests hitherto untrodden by man, or, with the geologist, 
we must look far back into the ancient history of the earth, 
if we would know truly and fully what nature is, and how 
far the laws originally imposed on matter are real and have 
been perpetual. 
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CHAPTER XIV. 

THK CONDITION Or INDIA, THE ASIATIC ISLANDS, AUSTBAUA, AND 
NEW ZEALAND DURINO THE TERTIARY PERIOD. 

In considering the geology of Europe, we have had to 
generalize with regard to a district, most parts of which 
have been mapped with at least sufficient accuracy to en- 
able us to recognise the broad outline of the chief elevatory 
movements that have taken place, and concerning which 
we are provided with mudi minute and detailed knowledge 
of a positive kind. If, therefore, in spite of these advan- 
tages, there is still doubt and hesitation in determining the 
ancient history and the exact succession of deposits, it may 
well be supposed that not less difficulty exists with regard 
to other countries, of whose geological structure we know 
far less. This is the case with the great continent of Asia, 
in spite of numerous researches and the labours of many in- 
telligent travellers; and, unfortunately^ in many parts, the 
most difficult of access, especially the Chinese empire, the 
investigations of these travellers have not included any ac- 
curate account of geological phenomena. 

With a very few exceptions, the geology of Asia is known 
only with reference to distant and isolated spots ; and this 
is the case, not perhaps from the want of continuity of such 
rocks at the surface, but because they are not readily trace- 
able in the districts that have been much visited, and are 
best developed in thdse which are least accessible to scien- 
tific travellers of the present day. 
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Generally speaking, however, the continent of Asia, like 
the greater part of Europe, most be considered as of recent 
ekration. The broad tracts north of the Himalaya chain, 
the district marked by the presence of extensive lakes on the 
European frontiers, a considerable part of the peninsula of 
India, and probably the whole of Arabia, besides many at 
least of the larger islands, are marked by the distinct pre- 
sence of tertiary beds. These, however, exist in a some- 
what different condition from that observed in Europe ; they 
often contain fossil remains of animals totally different from 
European forms, but they still approximate, and offer many 
interesting analogies on a careful examination and com- 
parison. It would be unsafe at present to suggest what 
may have been the actual history of the movements that 
formed the present continent, and the order in which they 
occun^ed, but we may at least give some sketch, which, 
however, it may hereafter need modification, will suggest 
ideas and assist in the ultimate development of the subject. 

If we look at the map of Asia, and compare its physical 
geography with that of Europe, it will not be difficult to 
trace the relation of the great mountain chains. The dis- 
trict, whose recent elevation in Europe is marked by the 
Alps and the Carpathians, is continued into Asia by the 
mountain chain of the Caucasus, and is thence traceable till 
we reach the Himalayas. Between these districts are spaces 
occupied by the Black Sea and the Caspian, where the land 
has probably only recently emerged from the sea. 

Thus, then, it would appear that the elevatory movement 
has here acted at several places along a band extending for 
about eight thousand miles, with a breadth of nearly five 
hundred miles, and. running nearly east and west There 
is good reason to suppose that the whole of this tract, with- 
out exception^ was under water at the -commencement of 
the secondary period, for we find beds of lias and various 
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other secondary deposits not only in the Alps and the Cau- 
casus, but also in the western extremity of. the Himalayas^ 
The disturbance to whose action are due these two princi- 
pal ranges of mountain country in the eastern hemispherCi 
was thus a recent occurrence, geologically speaking; and 
there is ground for supposing that the >:arpathians and the 
Caucasus, which are intermediate ranges between the Alps 
and the Himalayas, became mountains at even a later date 
than the Alps. 

But the study of Indian geology points still further, and 
teaches us that &e Himalayan movement continued to a 
very recent period, for we find in the lower ranges on the 
flanks of this great chain a singular development of upraised 
and tertiary beds, apparently of various dates. We find^ 
moreover, that the great tract of country overspread by ba«* 
salt, and appearing to have been only recently elevated, 
are really of veiy modern date, and were most likely among 
the results produced by that vast subterranean action, of 
which the forcing up, to the height of twenty*five thousand 
feet, the granite peaks of the mountain chain of central Asia 
was a direct and striking effect 

The chief localities in Asia which offer distinct and satis- 
factory evidence on the subject of its ancient inhabitants, 
are first the entire chain of the sub-Himalayas or Sewalik 
. hills ; next the western coast of India, especially near the 
Gulf of Cambay ; and, thirdly, the mouth of the great Ira- 
waddi river,' in the peninsula of Siam. These spots are 
widely distant, but the remains found in each hav& proved 
to belong to nearly or absolutely identical species. They 
are now at very different elevations, the difference amount- 
ing to many thousand feet, but they were no doubt formed 
contemporaneously, and at the same level. These beds are 
present under different circumstances, the material in which 
they are embedded varying exceedingly ; but they are esse&* 



Digitized by CjOOQ IC 



OF C&EATION. 



315 



tially the same, and appear to have been deposited in a vast in-* . 
land lake of fresh water, near whose banks there were forests^ 
and in whose waters were present numerous fresh-water 
fishes. 

The remains thus brought to light in the hard sandstone 
of the Sewalik bills, or in the conglomerate on the shores 
of the Gulf of Cambay, include a vast number of species^ 
and must have been the result of accumulations made 
during a very long period, extending over as much of the 
tertiary epoch as is comprehended in the middle stnd newer 
divisions of other countries. Thejr represent the inhabi-* 
tants of the land during this period, and probably include 
nearly the whole series, since we find amongst them mon- 
keys, numerous carnivorous animals, rodents or gnawing 
animals, Insectivora or insect-eating animals, and a most 
remarkable and unusual proportion of pachyderms, the pro<* 
totypes of the numerous elephants, rhinoceroses, hippopo* 
tamuses, horses, &c., whose remains are found in various 
parts of the northern hemisphere. There is besides a sin- 
gular and interesting group of ruminants, including giraffes, 
antelopes, deer of various kinds, and many others more or 
less resembling the existing animals of the order. Some 
anomalous species are also met with, extremely different 
firom existing forms ; and, in addition to these mammals 
there are a number of reptiles, amongst which is a tortoise 
of the most portentous dimensions. 

The detailed history of these animals, and' the conclu-» 
sions derived from the careful study of the numerous and 
perfect remains of them that have been obtained, have not 
yet been presented to the world by the naturalists best quali- 
fied to determine these matters, although the fossils have 
been the subject of carefiil study for a long time, and a 
magnificent work, in which they are described and figured, 
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is now in course of pablication** The account given of 
them by myself, in a work pablished in the autumn of 
1844,t is still the only general outline on record, and I am 
obliged therefore to repeat some portion of that in the pre* 
sent chapter. 

Of the various animals whose remains are found in tiiese 
Indian tertiaries, among the most striking, from its shape 
and proportions, was that designated *' Sivatherium." ^ 
This animal appears to have been as large as, the rhino* 
ceros. Its head was even larger in proportion, and wais 
shaped like that of the elephant, being provided with a 
small triink or proboscis ; the eyes were small and sunk, 
the head very large in the posterior direction, and the gene- 
ral expression probably dull and heavy. The teeth were 
rather fitted for bruising and crushing the branches and 
twigs of trees, than for masticating the more succulent and 
coarser food of the rhinoceros ; but the animal must have 
had a compound stomach, resembling, in t^e peculiar and 
^ical habit connected with this structure, the ordinary 
ruminants, though the habit was not perhaps developed to 
quite so great an extent. 

The most remarkable fiict with regard to this animal is 
connected with another point of structure by which it ap- 
proximates the ruminating tribe : I mean the possession of 
horns. Not only was the Sivathere provided with one pair 
above the brows, but it had another pair placed more to- 
wards the back of the bead, in the manner observed in some 
of t^ie four-horned antelopes. In the Sivatherium, however, 
(unlike the antelope,) one pair of horns resembled those of 
the cow, and this pair was placed just between and above 

* Fauna Atitiqua SivalensM. By Ca^t Cautlejr and Dr. Falconer, 
t Ansted*s Geology, Introductory, Descriptive and Practical, vol ii. pp. 
98 et $eq, 
X From the Indian god Siva, and Bnpiw (therion,) a beaat. 
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the orbits. The bony cores on which the true horns were 
placed render it quite certain that the homy sheath must 
have been of very large size. The other pair of horns were 
palmated and branching, and resembled rather the horns of 
the elk than those of any other animal. They also were 
lai^e and very massive, and were placed behind the pair 
already described. The form, the proportion, and the 
singular appendages of the head of this animal, render it 

Fig. 142 




SiVATHBRlUM. 

extremely interesting as a link between the ruminants and 
pachyderms; but the nature of the extremities, which were 
probably of moderate proportions, is still obscure, and re- 
quires further elucidation. The fragments of the animal 
from the Sewalik hills are accompanied by the remains of 
|)achyderms, and are in a very perfect state, but other very 
nearly allied generic forms have also been found at Perim 
Island, in the Gulf of Cambay. 
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Amongst the animals associated with the Sira&erittm, 
there were several pachyderms of large size, including at 
least seven species of elephants and mastodons, forming an 
almost perfect species, uniting the whole group of these 
animals by successive links, two of which, the Asiatic and 
African species, still exist. There is also a Dinothenum, 
at least as large as, and probably larger than, the species 
found in the Rhine valley. There are several species of 
hippopotamus, some of large, and others of very small size; 
more than one rhinoceros, distinct from either of the exist- 
ing forms ; several species of the genus Equus (horse, ass, 
and zebra,) varying in size from the ordinary dimensions 
of the horse to a little creature not larger than the gazelle. 
To this list may be added also more than one species of 
giraffe, of somewhat stouter make than the existing species, 
and of larger size ; besides a great multitude of antelbpes 
and deer, and several of the Bos tribe. The Carnivora in- 
cluded a large extinct genus, probably fiercer and more 
powerful than the tiger, and resembling tlie Machairodus, 
already described as occurring with the cavern bones in 
England and Europe. There were also numerous other 
feline animals, a colossal bear, and several remains refera- 
ble to the dog tribe and the hyaena. 

All these animals were either associated together at the 
same period, or succeeded one another in groups occupying 
the land then existing ; but almost the whole of those, whose 
remains are thus found, have now become extinct. The 
following figure (143) represents part of the lower jaw and 
tooth of one of the extinct elephants of this period, and is 
copied from Capt. Cautley and Dr. Falconer's great work, 
already referred to. 

The great Indian fossil fauna, which lasted so long with- ; 
out any interruption, was thus at length broken up and 
brought to a definite conclusion, while that of the western 
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districts appears to have only undergone some modification,, 
involving the destruction of the more prominent groups. 
' This, perhaps, was the natural and necessary result of the 
nature of the changes effected ; these changes having altered 
the original position of the Indian beds to a very great ex- 
tent, and having been accompanied by the outburst of a 
larger quantity of melted rock than has been observed m 
any one district elsewhere on the surface of the globe. Not 
less than two hundred thousand square miles of country are 
there entirely covered with basalt of comparatively modern 

Fig. 143 



Jaw and Tooth of Elephaih'. 

date, and great lines of elevated land also of modern eleva* 
tion now form lofty and extensive tracts; the Ghauts of south' 
western as well as those of eastern India, the central or 
Vindhya range, the northern Circars, and other mountain 
ranges have all been formed, and vast tertiary deposits, of 
which the Kunkur and the Regur or cotton soil of India are 
among the most remarkable, have been spread out over the 
surface. These, it is probable, are all different results of 
one system of upheaval, which did not terminate till the 
elevation of the loftiest mountain tract in the world was 
effected ; and these changes are certainly of comparatively 
recent date, many of them having gone on even during the 
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histoBC period. Probably mach of the low bmd| tnd even 
some of that baring considerable eleration in the plains of 
central Asia, has only at arery recent period emerged from ' 
thesea* 

India is connected geologically with Eorope in very dis> 
tinct warfs : partly by the continuation^ at interrals, of the 
mountain chain of the Himalayas, in which secondary rocks 
form the central astis ; partly by several tertiary or very late 
secondary districts, extending from Cutdi, near the moiA 
of die Indus, by Arabia, into Egypt ; and partly by the very 
modern alluvial and sandy tracts of the Caspian, passing into 
Siberia. 

Much remains to be made out with regard to al| these 
links, but much also has been done ; and there can be little 
question that the great sandy deserts of Arabia and Africa, 
and the steppes of Tartary, have been at no very distant pe- 
riod beneath the sea. The continuous volcanic band com- 
mencing in Asia Minor, and traceable through the Mediter- 
ranean, by the Greek Islands, into south Italy, has also 
been concerned very intimately with the elevation of the 
tract both to the noctb and south of it. We may even hope 
some day to connect by a perfect series the middle and 
newer tertiary formations of the old continents in the 
nordiem hemisphere ; and pe^aps the time is not very far 
distant, when, the Russian and Tartar prdvinces in northern 
Asia being surveyed, and some glimpse obtained with re- 
gards the geological structure of China, a complete his- 
tory may be worked out, defining the limits of change 
during the tertiary period throughout this vast tract. 

In" the way of tertiary geology, many parts of Australia 
appear to promise matter for investigation, as interesting as 
that of the better and longer known continents, and on aU 
most as grand a scale. At present, however, our know- 
ledge of fossils in this respect is limited to the bones of va- 
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riou$ quadrupeds, partly obtained from caverns in limestone, 
and partly from rolled and transported material correspond- 
ing with our gravel. There is, on the whole, a great 
poverty in the number of generic and specific forms in this 
large tract of land, not only of the fossil remains of the 
larger land animals, but also with regard to the existing 
fauna, which as well as that now extinct, is limited to a 
particular group of animals, all of them exhibiting a pecu- 
liar bony apparatus in the pelvis. In the female this is con- 
nected with the presence of a pouch, where the young are 
received at a very early period, and carried about for some 
time after birth, whence the animals are called marsupials, 
or pouched animals.* Fossil remains of animals of this 
kind have been already alluded to, as occurring in the se- 
condary and older tertiary beds of our island. 

In Australia, the existing marsupials, or pouched animals, 
include species having almost every peculiarity of structure 
and habit ; and they are so organized, that, while some are 
mere vegetable feeders, others are omnivorous, and others 
again carnivorous. There is doubtless some reason why 
the animals of this singular continent should be separated by 
so broad and distinctive a character from those of the rest 
of the world. t 

The fossil animals of Australia are also marsupial, and 
exhibit forms which, for the most part, are not very different 

* Of this remarkable group some species are fomid in the Molacca 
Islands ; and one genus, oontaioing several species, is peculiar to America ; 
and, though chiefly confined to the tropical portions, is met with as ht 
north as the United States, where, however, only a single species is 
found. The number of species in islands north of Australia (New 
Guinea, &c.) is probably not inconsiderable. — ^Waterhou8e*s *^ Mamma- 
lia," vol. i. pp. 2, 3, 

t I have already alluded to the possibility that this eharacter may have 
reference to the phycical geography of the districti inhabited by the group. 
See atUe, p. 202. 
21 
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from those still living. Some, indeed, offer peculiarities 
sufficiently striking, as well in point of size as structure, and 
of these we may mention two genera, the former being a 
gigantic wombat, and the latter representing in its proper* 
tions the elephantine animals of other continents, but still 
retaining the marsupial character. The bones that occur in 
a fossil state are sufficient to indicate many interesting con* 
elusions with regard to the ancient inhabitants of this singu- 
lar and now detached continent ; and, combined with the 
knowledge we possess of the present and former inhabitants 
of the existing land in other parts of the world, they lead 
us to suppose that different orders of the great class of 
mammalian Vertebrata have been fitted to inhabit, or at 
least to have been chiefly developed in different countries ; 
and that, while Europe, Asia, and Africa, with the adjacent 
islands, form one principal district, and are also connected 
with North America; the recently elevated continent of 
South America forms another, and Australia a third ; but we 
find that, in the vast tract of land in the northern hemi- 
sphere, there is the greatest variety of types, corresponding, 
it may be, with a more varied character of the land, and 
the differences of climate thence involved. 

But Australia is not entirely unconnected zoologically 
with the northern continents. It contains, in addition to 
its numerous marsupial animals, one species which is con- 
sidered to be a true Mastodon. It is thus brought into re- 
lation with distant countries by a genus which forms a link 
between the tribes inhabiting Europe, Asia, and Africa, 
and North and South America. This fact is, the more in- 
teresting, since the widely spread and cosmopolitan animal 
in question seems to have been amongst the last of those 
mighty tenants of the earth that ceased to exist imme- 
diately before man was introduced. 

Very few of the islands near Australia, except Van Die- 
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men's Land, and very few indeed of those other islands 
which form the numerous archipelagos of the eastern and 
southern seas, are sufficiently well known, or have such 
an extent of superficial detritus, that we could with any 
reason expect them to furnish much palaeontological evi* 
dence. New Zealand is, in point of fact, the only island 
from which such remains have been obtained ; and the con- 
dition of the bones, and the circumstances under which 
they are found, render it impossible to state very decidedly 
in what bed they there occur. It is, however, something to 
know that in these islands there existed formerly, and pos- 
sibly not very long ago, a considerable and important group 
of wingless birds, of which one representative, the ^pertyxy 
still remains, although apparently that also will soon be lost. 
Many extinct species of these strange animals have been 
found in the gravel of the northern island, and they vary 
greatly in size, some having been far larger than the largest 
ostrich, while others were very small. In all these the 
general character is nearly the same, the animals being much 
stouter and more powerful in proportion than the ostrich, 
and absolutely without any trace of wings. The general 
outline of one of the largest of these extraordinary animals, 
of which a figure is given in the annexed wood-cut (fig. 
144,) will afford some notion of the vast proportions at- 
tained ; the figure of a man being drawn to the same scale 
as the bird, to assist the eye in judging of the dimensions. 
The various species hitherto determined have all been re* 
ferred to a single genus, under the name Dinomis.* The 
legs of the Dinorniswere powerful, and were no doubt well 
adapted for rapid locomotion ; and in the Apteryx similar 
powerful extremities enable the animal to run swiftly, and 
when attacked to defend itself with great vigour. The 
Apteryx is nocturnal in its habits, and dwells in the deepest 

* Afirof (ifdffM,) enornaouBly Urge ; ofvit (oniM,} a bird. 
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recesses of the forest, where gigantic trees are interwoven 
almost impenetrably with climbing plants, and where, deeply 

Fig. 144 
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DlNORNm» 

embayed in the mountains, there occur open swampy spots 
covered with bulrushes. It feeds on insects and seeds. 

The islands of New Zealand, situated to the east of Aus- 
tralia, are stiM &6ther lemoved than that continent from the 
groups of islands m the Indian Ocean ; but, in spite of their 
distance, it is in these latter that we find the nearest ana- 
logue to the singular wingless bicds j,ust described. The 
Dorfo, which had been brought to England and preserved 
in museums more than two centuries ago, and figures of 
which have been g^ven, appears to haye inhabited the Mau- 
ritius and the island oi Boui;bon at no distant period, al- 
though for some centuries it has not been seen in a living 
state. Like the extinct wingless birds of New Zealand, it 
was nearly allied to the cassowary, also an inhabitant of the 
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Mauritius, but it was more massire, and of more clumsy 
proportions. 

The study of the tertiary geology of Asia, Australia, and 
the islands of the Pacific and Indian Oceans, assisted by 
broad general views of the physical geography of those 
countries, seems to point to them as among the chief dis«* 
tricts which have undergone changes during the' latest 
geological period ; and there is every reason to conclude 
that they are still being greatly modified by undulatory 
movements on a grand scale, constantly going on over a 
large part of the earth's surface. At the commencement of 
the tertiary period northern Asia was probably almost en- 
tirely under water, and a broad tract of shallow sea may 
have extended, broken only by a few islands, firom the 
latitude of 50° north to the North Pole. A chain of islands, 
nearly continuous, may then have existed in what is now 
the North Pacific Ocean, bringing the islands east and south 
of the Philippines into close relation with Australia, and 
with the archipelagos extending many hundred miles to 
the east of that continent, while Austolia may also have 
then extended westward and northward between the tropics. 
A considerable part of southern India was no doubt covered 
by the sea ; but land extended probably towards the east 
and west from central India, perhaps connecting Arabia 
with the peninsula of Malacca. Within this broad tract of 
land there appears to have been, during a great part of the 
tertiary period, a very extensive fresh- water lake, whose 
northern shore extended within the temperate zone ; and on 
the banks of this lake lived vast herds of the larger Mam- 
malia of all kinds, with those other animals characteristic of 
the old continent and the tertiaries of India, whose remains 
are so abundantly distributed in many distant regions. The 
disturbances which were then in action breaking up the 
chalk in England and elevating the Weald ; those which, 
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advancing eastward, formed hills in the great Alpine couii> 
tries of Europe ; those which also lifted the Caucasas from 
the sea-bottom, and partly found vent in the now eittinct 
volcanoes of Asia Minor, had not yet disturbed this vast 
and thickly-peopled district, which was not greatly modified 
till very late in the tertiary epoch. 

The Himalayas, and the mountains which now connect 
that chain with Persia, were, however, it is probable, even 
then indicated by a chain of islands, and did not till a much 
later period become elevated into a mountain range. The 
sands and other rocks, which, by slight undulations of the 
surface, had been deposited in great thickness on what are 
now the flanks of this range, and which received and buried 
vast multitudes of the bones and other remains of the inha'- 
bitants of the land, were then lifted up, and partook both 
of the main elevatory movement which lifted the plains of 
India, and of the local disruption which produced the 
mountain chain. 

The elevation which commenced in the Himalayan region 
did not at once disturb the formation of deposits a little fur- 
.ther to the south. These seem to have been continued 
without interruption far into what may be considered the 
modern period ; and yet, after these, there occurred changes 
in this part of the world of the most gigantic nature, result- 
ing in the outpouring of vast quantities of lava, and the 
elevation of the singular chain of the western Ghauts of 
India. Scarcely any distinctly marine deposits of a late 
tertiary period have yet been recognised in this part of the 
world. 

These movements, described in so few words, were 
doubtless going on for many thousands and tens of thou- 
sands of revolutions of our planet. They were accom- 
panied also by vast but slow changes of other kinds. The 
great plains of Tartary, the whole of Siberia, and many parts 
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of north-western Europe, were then undergoing elevation. 
The inhabitants of a tropical or warm temperate continent 
extended into these new countries, becoming acclimatised 
in high northern latitudes ; and where we now find only the 
bear, the wolf, and the fox, the elephant, the rhinoceros, 
the hippopotamus, and a multitude of feline and other typi- 
cal carnivorous species, were then fully represented. As, 
however, the northiern land increased in extent, rose in ele- 
vation, and advanced further towards the pole, the effects 
of such change became felt. Intense cold advanced further 
to the south, the climate of the central districts from insular 
became extreme and continental, and at length the greater 
number of the animal inhabitants, unable to exist under 
such circumstances, gradually, but completely died out. 

Meanwhile, we may inquire concerning the fate of the 
continent, whose position between the tropics has also been 
indicated. The expansive force employed in lifting up, by 
mighty movements, the northern part of the continent of 
Asia, found partial vent, and from numerous subaqueous 
fissures there were poured out the tabular masses of basalt 
occurring in central India, while an extensive area of de- 
pression in the Indian Ocean, marked by the coral islands 
of the Laccadives, the Maldives, the great Chagos bank, 
and some others, were in course of depression by a coun- 
teracting movement. 

A similar area of depression, on a far grander scale, is 
also indicated among the western islands of the North Pacific 
Ocean, and we see distinct proof of great change halving 
been effected in all these districts ; involving, indeed, not 
only depression, but partial and occasional elevation, espe- 
cially in the line of modern volcanic action extending firom 
Sumatra to New Zealand. 

The continental area formerly, it would seem, connecting 
the island of New Guinea with parts of Australia, and reach- 
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ing tp about 10^ N. lat.| seems to hare sunk down, coq- 
tempoianeously with the elevation of land in the north tem- 
perate zone ; and the movement of depression in this case, 
and of elevation in the other, is most probably not yet com- 
pleted. During the changes thus going on, it is not easy 
to conjecture at what rate other and corresponding changes 
may have affected the organic world, but one series of facts 
seems distinctly made out, and forms the groundwork on 
which these conclusions are based. I mean the former 
distribution of the larger land animals in groups not very 
dissimilar to those now existing over certain districts, and 
analogous to those at present connected by broad phyncal 
characters. This arrangement of the groups corresponds 
also remarkably, and in a most interesting manner, widi 
the diiferences observable between the generic forms which 
were then common and those that are now met with. It 
agrees in the singular fact, that n^ny of the groups of spe- 
cies formerly represented by gigantic types were not con- 
fi^d to one district, but extended over all the known land 
of the eastern hemisphere* It agrees also with the arrange- 
ment of nearly allied species at the present day, many of 
these being indigenous in distant and unconnected spots 
DOW, and having been so formerly. And, lastly, it proves 
that there is as little evidenqe to be derived from tibis branch 
of geological investigation, as there is from recent zoology 
and botany, in favour of any view of local or secular deve- 
lopment of new typical forms of organic existence ; since 
these nxodifications are rather produced at once in distant 
spotS} which, so &r as we know, were as unconnected for- 
merly as they are at present. 

The distribution of the more characteristic land animals 
in groups is the main fact to be observed in col>sidering 
this part of the subject; but we should not forget that some 
important set of causes must also, in all probability, have 
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been in action, tending to produce that singular develop- 
ment of the larger quadrupeds, "which has not only peopled 
the continents and islands of the Old World with gigantic 
types, but has also affected America, in the southern as well 
as the northern districts. In that part of the world, as else- 
where, there, is a detached and singular group of animals, 
now greatly limited in distribation, but anciently repre- 
sented by a large number of individuals as well as species, 
attaining dimensions not less gigantic in proportion than 
those of the elephantine monsters or reptiles of India or 
western Europe, or even of Aus^alia and New Zealand. 
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CHAPTER XV. 



THE CONDITION Or fiOUTH AMERICA DURING THE TERTIARY PERIOD. 

I HAVE thoaght it well to bring to a conclusion the argu- 
ment derivable from the geology of the old continent and 
its adjacent islands, because, when we consider the case of 
South America, to which the present chapter will be ex- 
clusively devoted^ we find ourselves most emphatically in 
a new world, and surrounded by forms anomalous at first 
sight, although strictly analogous to the existing fauna of 
that country, and clearly adapted to its conditions. 

The tertiary geology of South America is on the grandest 
scale, and of the most instructive nature. Flanked by the 
great mountain chain of the Andes which runs parallel to 
the western coast, this country is still the seat ofdistur^ 
bances which ought to be studied as exhibiting the true 
elements of geological causation and illustrating almost 
every great geological principle. That part of the conti- 
nent extending from the mountains eastward towards the 
sea is divided into vast plains drained by the river Amazon 
and the Rio de la Plata, and separated by a succession of 
transverse' mountain ridges, comparatively unimportant 
with reference to the subject we have now to consider. 

Almiost the \yhole tract of plain country has been affected 
by strictly tertiary changes, and elevation has taken place 
at such long intervals and by such slow degrees as hardly 
to interfere with the condition of things obtaining at the 
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time.* A long succession of animals nearly allied to, but 
in many cases quite distinct from, its present inhabitants, 
dwelt on this rising continent ; and corresponding groups 
seem to have existed ever since the first elevation of the 
country, fragments of them being embedded in the gravel 
and other deposits at the mouths of the great rivers. 

Throughout tbe whole of Brazil, and in the provinces of 
La Plata and Buenos Ayres, remains of the extinct quad- 
rupeds formerly tenanting these districts are occasionally 
met with, and are sometimes not only abundant, but pre- 
served in the most wonderful state of perfection. Some of 
these skeletons exhibit nearly every bone of the animal ; the 
strong cuirasses of others have scarcely a fragment removed 
from its true position; and these are found on the banks of 
the rivers, and in the adjacent mud, while numerous de- 
tached bones occur in the caverns in Brazil, and are dis- 
tributed as widely and buried as safely as the bones of 
elephants or hyaenas in the corresponding places of deposit 
in England and Europe. We have but to examine the 
fragments, and re-construct the animals, to learn the zoo- 
logical condition of the great South American continent 
during the tertiary period, which indeed may there be re- 
garded as rather passing a'way, than actually past. 

But, first of all, let us consider the nature of the country 
itself in which these remains are found ; and, since there 
has probably been but little difference in this respect, we 
shall thus learn at the same time the conditions under 
which the ancient inhabitants may have lived. 

The almost boundless plains, to which in South America 
the name << Pampas" is given, are looalities equally re- 
markable and interesting to the zoologist, the botanist, and 

* An accoant of these will be found in Mr. D&rwin*a raluable work on 
the "Geology of Sonth Amerioa,** pabUshed while these sheets were pus. 
hag through the ] 
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the geologist. They are not actually level, but rather gently 
undulating; yet, at the same time, the change of level is so 
gradual and small, that the undulations more resemble the 
swell of a great ocean in a calm, than any smaller or more 
visible hills.. Over these tracts the traveller may pass for a 
hundred miles, \vithout seeing any change either in the 
nature or the products of the soil, and without meeting with 
a single pebble. They exhibit the appearance of a sea- 
bottom which has remained for a long period undisturbed ; 
and it is impossible to conceive any thing more monoto* 
nous, or in that respect more dreary, than a journey over a 
desert so boundless. A succession of broad flat terraces, 
of different elevation, but in all respects similar, character* 
izes also the whole district of Patagonia from the -sea to the 
mountain chain on the western coast. 

But it must not be imagined that the vegetation in those 
tracts partakes of the dreary and monotonous aspect of the 
country. It is, on the <;ontrary, rich to a degree scarcely 
imaginable in a ^country and climate like oars. It exhibits 
occasionally clumps of well-grown trees, but more com* 
monly the rapid and rank luxuriance of tropical districts. 
The whole of that part of South America, which is spread 
out in fiat valleys between the branches and trunks of. the 
noblest rivers in the world, is provided throu^out with an 
unfailing supply of moistute, and, consequently, enjoys per- 
petual fertility ; and, as the rivers are frequently changing 
their course, they thus deposit the rich alluvial soil in 
various parts, and with it also bury the trunks of trees and 
the carcases of anilnais washed away in the occasional 
floods, or lying dead on the river banks. There is an 
abundant and never-failing supply for the most voracious 
of vegetable-feeding animals ; and no amount of destruc- 
tion seems to check, even for a short time, the rapid in- 
crease of the grasses and other plants that are indigenous. 
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At the time when America was firat discovered, this vast 
district was chiefly tenanted by a small number of species 
of animals of very strange habits and structure, and of 
trhich it may, perhaps, be sufficient to say in general lan« 
guage, that they are represented by the sloth, the armadillo, 
and the ant-eater: we shall presently see what kind of 
sloths and armadillos were its inhabitants at a yet earlier 
period. Besides these, there alsa existed, among the ani- 
mals indig^ous in this continent, a kind of camel called 
the llamaj several moderate-sized camivora, a remarkable 
group of monkeys, and some interesting forms of rodent or 
gnawing animals. The. group first mentioned (called by 
naturalists EdentatUj or toothless, from the absence of cut* 
ting teeth) includes the most interesting both of recent and 
fossil species ; but, before describing these, it will be bet* 
ter first of all to consider the structure and habits of those 
which do not belong to this groupr, but exhibit analogies 
with the more common types of animal structure in other 
parts of the world. Amongst those we find a pachyderma* 
tous species, called the Toxodon* showing many curious 
points of resemblance to the dinothere, but more nearly ap« 
proaching the rodents (e. g. beaver, &e.) in some important 
respects. There are also the remains of another interesting 
and very large species, called the Macrauchemaj which was 
a sort of camel, connecting the pachyderms with the rumi* 
nants. These have been found to possess considerable inte* 
rest, and assist in bringing the whole group of fossils more 
immediately into comparison with those of other parts of 
the world. 

The Toxodon, like the Dinotherium, is chiefly known by 
portions of the skull, and is almost as remarkable for the 
position and arrangement of its gnawifig teeth, as the giant 

* Togo? {toxouy) a bow ; WSiff (odowt ,) a tooth. 
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of the middle tertiary period in Europe seems to have been 
for its singular tusks, and their position in the lower jaw. 
The dimensions of the skull show that the Toxodon must 
have rivalled the largest quadrupeds in this respect ; and 
its general proportions, its peculiarities of form, and its 
structure, prove clearly that this extinct genus differed es- 
sentially from any other animal hitherto described* 

The general form of the skull of the Toxodon seems to 
present no analogies with that of the elephant, or indeed 
with any of the larger quadrupeds. The teeth, of which 
there are seven grinders on each side of the upper jaw, and 
two incisors, one of them extremely large^ and almost like 
those of a beaver, sufficiently indicate the peculiarities in 
this respect ; and from these the name of the genus ha&been 
derived. 

One peculiarity in the skull worthy of notice is seen in 
the, slope of the back part of the head, which is character- 
istic of the Dinothere, and common to the Cetacea and 
some of the rodents. A very limited capacity is thus indi- 
cated, and the indication is strengthened by the exceeding- 
ly small spac^ that there is for the brain. 

The teeth of the Toxodon are very interesting. All the 
grinding teeth are long and curved ; but unlike the case 
of the guinea-pig, whose teeth, also curved, are directed 
outwards, the curve is here such, that each two corre- 
sponding teeth of the upper jaw bend over to meet each 
other in the palate and form an arch capable of over- 
coming immense resistance to pressure. 

The two large incisive teeth, in like manner^ bend back- 
wards in their sockets, and extend in an arched form as far 
as the grinding teeth. The whole of the inside of the upper 
jaw is thus a vaulted and groined roof of the strongest pos- 
sible construction ; and as the teeth continued to grow and 
to be pushed forward during the whole life of the animal. 
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there was a constant and continual compensation to meet 
the effect of the wearing away of the crown of the tooth 
against opposing teeth of corresponding structure in the 
lower jaw. The enamel of the teeth is not repeated in dis- 
tinct folds as in the herbivorous animals of the present day, 
but the powers of perpetual renovation would amply com- 
pensate for this defective quantity of enamel, and enable the 
animal to grind down vegetable food of the toughest kind, 
without danger of ultimately wearing away the grinding 
surface. It is evident, however, from the nature of the at- 
tachment of the lower ja^v, that the motion of the jaw in 
the process of mastication was not the same as in the ro- 
dents, but admitted of considerable lateral motion and great 
pressure, assisting in the trituration of the food. There was 
also a powerful muscular apparatus enabling the jaws to be 
worked sideways ; and it appears from the bones of the face, 
that those muscles, by which the incisive teeth and the ex- 
tremities of the jaws were worked, and which form the lips, 
were also exceedingly large and strong ; these fore-teeth 
being probably used (like the corresponding teeth of the 
hippopotamus) to divide or tear up by the roots the aquatic 
plants growing on the banks of the streams which the Tox- 
odon may have frequented. It also appears that the lips 
of this singular animal were endowed with great sensibility, 
large nerves having been supplied for such purpose. The 
expanded muzzle seems even to have been furnished with 
whiskers. 

The extremities of the Toxodon are not at all known, 
nor can it be distinctly determined whether they were such 
as to enable the animal to move about on land, or whether, 
like the dugong and other herbivorous cetaceans, it re- 
mained permanently in the water. It is considered unlikely, 
however, that the latter was the case, although there are 
not wanting some curious points of structure indicative of 
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its aquatic habits. The affinities exhibited both to the 
rodent and cetacean orders are very remarkable, this pachy- 
dermatous animal, of gigantic proportions, being character- 
ized by teeth which closely resemble those of the gnawing 
tribes, while the structure of some bones of the skull ap- 
proaches in many respects to that of the whales. 

The knowledge that we possess of the Toxodon is de- 
rived entirely from a consideration of some of the bones of 
the head. We have next to deduce the habits and instincts 
of another extinct genus, of vdiich nothing is known but a 
few bones of the trunk and the extremities, without a frag- 
ment of a tooth or of the skull to serve as a guide in the 
investigation. It is the triumph of comparative anatomy 
that such an investigation is possible ; and few things in 
scientific induction are more beautiful than the nature of 
the arguments by which, in these cases, the results of the 
investigation of each bone and fragment of a bone are 
diown to bear upon abd explain one another. 

The animal I have now to describe is called Macrauche^ 
nia* from the great length and magnitude of its neck, which 
was very nearly as long as that of the girafie. Its analogies 
have been beautifully and admirably worked out by Pro- 
fessor Owen, and he has referred it with great certainty and 
confidence to the order Pachydermata, It belongs also to 
that group (containing the rhinoceros and palaeotherium) of 
which the various species are not provided with a proboscis, 
and have only three toes on the fore-foot. The fore and 
hind feet of the Macrauchenia were of equal size. The 
body was neariy as large and massive as that of the rhino- 
ceros, and the length of the legs very much greater. The 
long neck was not carried gracefully as in the girafie, but in 
a stifi" and upright position like that of the llama ; and the 
whole appearance of the animal must have been heavy, 

* hUMfot (maArrof ,) long ; luxwf (auchen,) the neck. 
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awkward and ungainly. It is intetesting to find that its 
nearest analogies are with the extinct genus Palaotheriumj 
but it also indicates a very beautiful transition from the 
pachyderms to the ruminants, through the singular group 
of which the camels and the llama are the existing represen- 
tatives. A true anoplotheroid animal has recently been 
added to the list of South American pachyderms. 

We now 6ome to the consideration of those animals 
more especially characteristic of the latter tertiary period 
on the continent of South America, — a group of animals 
perhaps the most remarkable of any that has yet been de-^ 
tfermined, and one which exhibits a perfect and beautiful 
adaptation of closely analogous structure in the case of spe- 
cies varying in bulk almost as much as it is possible for 
those of analogous structure to do. All the rest of the 
quadrupeds that I shall have to describe belong to the same 
natural order, which includes, with few exceptions, the 
great majority of those fossils hitherto obtained from South 
America. The order, as I have already stated, is called 
Edentata^ and is now characterized by the sloth, the arma- 
dillo, and the ant-eater. Of the existing species of these 
animals, the largest is the great ant-e^ter, which equals 
in length a Newfoundland dog: of the others, the gigantic 
armadillo attains about two-thirds of that bulk ; and the 
sloth never exceeds two feet in the length of the body, 
although its four extremities are disproportionately long. 
At the time immediately preceding the last change that 
took place upon the earth. South America was, however, 
inhabited by numerous animals 6f this order, some of them 
rivalling in bulk the largest pachyderms, and others quite 
as remarkable for their structure, their appearance, and 
their habits, as for their strange analogies with the sloth and 
the armadillo. 

The sloth is well luiown and exceedingly common in 
22 
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some of the forests of South America. It has very long 
fore-IegSy so constructed as to support the animal vvhen 
hanging on the under side of the branch of a tree, and in 
this position it usually rests. It never 'willingly descends 
to the earth, yihete the peculiar form of its limbs prevents 
it from advancing without great and painful efibrts; but 
when on a tree it moves rapidly and with ease, passing from 
one branch to another, and getting from tree to tree by the 
help of the numerous parasitical plants which form a net- 
work uniting the upper branches of the most lofly trees of 
the forest. The animal is not provided with a tail, and the 
want of such an appendage is not felt, the bones of the 
extremities and powerful toes forming an ample support for 
the creature whether moving Or resting suspended from a 
branch. 

It is ourrous and very interesting to see all the most 
marked peculiarities of the skeleton, so far as relates to the 
essential structure of this animal, transferred, on a gigantic 
scale, to some extinct species, while at the same time the 
modifications observable in the shortening and strengthen- 
ing of the legs,^ and the addition of a powerful tail, are 
quite enough to convince the physiological naturalist that 
the actual habits must have difiered in spite of much essen- 
tial and important resemblance. 

Qne of the^e huge nionsters has been well named Mega- 
therium;* and nearly every bone of its enormous body is 
preserved in a skeleton existing in the Museum at Madrid. 
Another skeleton, also, of a nearly allied species {Mylodon^)\ 
smaUer indeed, but pot less interesting, has been brought 
to E];)gland, and has been the subject of a most elaborate 
description by Professor Owen, while the skeleton itself, 
s^dmiiiablsy articulated, may \>% seen in the Museum of the 

* Mi>« {mega;) great ; Bn^% {iheriim^ a beast. 
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Royal College of Surgeons in London. The complete 
structure of an extinct species has in no instance been more 

Fig. 145. 



Meoathbrium. 

satisfactorily made out than in the case before us ; and, 
therefore, the whole nature of the argument by which con- 
clusions are arrived at, from the comparison of the shapes 
and peculiar projections and proportions of bones, may well 
be illustrated here by a reference to this remarkable extinct 
species. 

First of all, let us take a general view of this extraordi- 
nary animal, whose singularly massive proportions cannot 
but strike every one with astonishment* Its length is 
nineteen feet, its breadth across the loins nearly six feet, its 
height not more than nine. The general proportions of the 
body rather resemble those of the hippopotamus than the 
elephant ; and the trunk itself, much larger than that of any 

* See th(Bi above figure of the skeleton where the proportions will be 
recognised oa comparing the &gare with that of an ordinary^ized man, 
drawn to th^ vame acale and placed by the side for this purpose. 
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hippopotamas, is terminated by a pelvis, and by hind ex- 
tremities nearly three times as large as those of the most 
gigantic elephant These hind-legs are provided with feet 
set at right angles to the leg, as in the bear; the heel pro- 
jects nearly fifteen inches backwards, and the toes, armed 
with claws, proceed more than twice that distance forwards, 
so that a proper base is afforded for the massive column, 
and the whole is able to sustain the weight that once rested 
upon it. There is also, in addition to the hind legs, a tail 
more than equal to them in length, and proportionally thick 
and strong ; and this tail must have supported, instead of 
depending from the broad termination of the pelvic region. 

To match these strange proportions of the hinder extre- 
mity, we find the fore-legs longer than the corresponding 
part in the hind limb, but having a perfect mechanism for 
free motion in all directions, and connected to the sternum 
by a very powerful and bony apparatus, also permitting free 
motion. This extremity was terminated by unusually broad 
expanded feet, of which the proportions, however, are 
much reduced in appearance, in consequence of the mas- 
si veness of the leg itself, already described. The foot is 
five-toed; the two outer toes were provided with claw 
bones of great size and strength, but the whole foot is short 
in proportion to its breadth. 

The skull of this strange monster was exceedingly small 
and narrow^ and was connected to the trunk by a neck of 
moderate length. The whole body gradually tapers for- 
ward from the enormous pelvis and gigantic hind-quarters, 
which offer a singular contrast to the short neck and slender 
head. These singular proportions are nowhere met w^th 
amongst quadrupeds, except amongst the Edentata, of 
which the Megatherium is certainly one of the most inte- 
resting examples. 

Let us now trace the points of analogy that exist between 
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the Megatherium, or rather the megatheroid animals, in- 
cludiDg under this name the various gigantic species of the 
same group at present known, and the sloth, the living ani- 
mal most neariy allied to them. 

The first glance at the head of the Megatherium exhibits 
very striking resemblances to the sloth in several points, 
some of them peculiar to the whole tribe of edentates, and 
others indicative of the habits of the animal. The general 
form is more elongated and straighter, the length however 
not being due to the prolongation of the jaws (which are 
cut off shortly,) but to the skull itself; and the structure of 
the bones of the nose ^ould seem to indicate the existence 
of a long upper lip, of even a short proboscis. The ex- 
treme narrowness of the palate is also worthy of notice, and 
was, no doubt, in accordance with peculiar habits. The 
long broad bone, descending by the side of the cheek, is 
one of those points in which the resemblance to the sloth is 
carried out very accurately; and this is not less interesting, 
although we are at present ignorant of its exact meaning. 
It is characteristic? of the whole group of Edentata. 

The teeth of the megathere are large in proportion to 
their thickness, and are gently curved. Their grinding sur- 
face is simple and well adapted to the comminution of 
leaves and twigs. They are all of them molars (grinding 
teeth,) and there are four on each side of each jaw. They 
consist of regular four-sided prisms, the outer coating being 
of bony matter, enclosing a thin inner coating of enamel, 
and a central mass of ivory ; while the opposing teeth are 
so placed in the jaw that the enamel of each cuts into the 
softer bone and into the central ivory of the corresponding 
one, so that a grinding surface is constantly and evenly pre- 
served, and two wedge-shaped cutting edges work into one 
another, and keep one another sharp. 

These teeth were renewed from the root throughout the 
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entire life of the animal, and were gradually pushed for* 
wards as they were needed. They were set Tery deep in 
the jaw. It is worthy of notice, that many of these modi- 
fications, the narrow palate for instance, the position of the 
teeth closely set in the jaw, their great length, and the cor- 
responding depth of the jaw, — all exhibit a certain amount 
of resemblance to the structure of corresponding parts of the 
elephant, although the fundamental structure of the teeth, 
and the general form of the skull is at present exclusively 
restricted to the sloth family. 

I shall not dwell long on the description of the vertebral 
column and the ribs of the Megatherium. The neck is 
strong, but not remarkably so. It is of moderate length, 
and differs from that of the three-toed sloth in a point in 
which this hitter quadruped differs from all others, namely, 
the possession of an additional vertebra of the neck. In 
this respect, indeed, the two-toed sloth, or unau, (another 
existing species,) approaches the megatheroid type, but is 
itself anomalous, exhibiting an increased number of dorsal 
vertebrae, so that the extinct genus did not agree in this 
respect with either of the existing sloths inhabiting trees. 
In the tail, also, the difference is marked not less strongly, 
for the sloth is unprovided with any such appendage, while 
it formed a prominent and important organ of support in 
the Megatherium and other extinct species. 

The ribs, both of the Megatherium and the sloth, are broad, 
and offer a firm support to the body of the animal. Those 
which are interlocked among each other to form the breast- 
bone offer an example of a very singular structure, found 
not in the sloth but in the ant-eaters, and apparently in- 
tended to assist these animals when burrowing through the 
earth. The resisting power and the strength thus afforded 
to the fore extremities was exceedingly great. 

But by far the most remarkable part of the megathere is 
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seen. in the posterior portion of the skeleton, commencing 
with the lumbar vertebrae, and including the bones of the 
pelvis, the tail, and the hinder extremities. 

In all these there may be traced a succession of contri* 
vanees strijdngly indicative of enormous, unwieldy and mas- 
sive strength ;, and in all this region there is a total dissimi* 
larity to the sloth, and indeed to all other recent animals of 
the same natural fiimily. It is almost impossible for any 
drawing or any description to give an adequate notion of 
the extent to which strength and inassiveness is carried in 
this animal ; but the skeleton figured in a previous page 
(see p. 339) will perhaps serve to assist the reader. 

The first thing to be noticed with reference to this part is 
the wide expanse of bone stretching out from each side of 
the vertebral column to a distance of five feet, and scarcely 
leaving any interval in the hollow of the back. Powerful 
bones are seen placed at right angles to the spine and verti- 
cally over the hind legs, and these form a solid mass well 
fitted to withstand any amount of pressure, and to enable 
the hind legs to support without injury almost any effort 
that could be made by the animal when resting, as if on a 
tripod, upon its hind legs and tail. This great width also 
indicates a large size of the abdominal cavity, adapted to 
the habits of the anima^ as a vegetable feeder, but at the 
same time rendering it ponderous and unwieldy. 
' Articulated to each of the broad plates of bone stretching 
out thus from the back, we find legs of corresponding mag* 
nitude and strength. The thigh-bone is not more than two 
feet four inches long, but its circumference at the smallest 
part is equal to its length, while the circuipference of the 
thigh-bone of an elephant is not more than twelve inches. 
Although, however, the thigh-bone is short, it is set verti- 
cally, and not obliquely as in most animals, and its full 
length is thus taken advantage of, although the rate of pro- 
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gression would thus be in a corresponding degree slow. 
The size of the leg when clothed with flesh must have been 
large even in proportion to the circumference of this bone, 
for it is much flattened and expanded outwards. 

. The character of strength indicated so clearly both by the 
proportion, die position, and the peculiar shape of the thigh 
bone, is fully preserved in the other bones of the leg ; for 
we find the two bones, the tibia and fibula, united together 
both at the top and bottom, forming an almost perfect 
column, neiarly as large as the femur, and set verticdly be- 
neath it This is a contrivance only characterizing the 
armadilloes among living animals, and in them, it cor- 
responds with an apparatus of the fore extremity enabling 
the possessor to burrow beneath the sui&ce of the earth. 
Its object is to ofifer a powerful resistance to the great pres- 
sure exerted when the hind extremities are employed as the 
purchase, while the fore-legs are being made use of for 
digging. In the megathere the similar contrivance was, no 
doubt, useful in very nearly the same way. 

The base of the column we have just been considering 
was no less remarkable for massiveness and extent than 
was the vast and massive shaft itself. The bone of the in- 
step is a cube of nearly nine inches aside ; it rests on a 
heel bone extending eighteen inches backwards^ and the 
other bones are of similar proportions. The foot was ter* 
minated by three toes, one of which appears to have been 
armed with a tremendous claw. The claw, or rather its 
sheath, for of the actual claw itself we have no remains, 
measures upwards of ten inches in length and thirteen 
inches in circumference at the root ; and in this respect, 
therefore^ the analogy with the sloth is still preserved. 

Hie tail of the Megatherium is a part in which the ex- 
tmct genus diflfered essentially from the sloth« Its length 
was very considerable, certainly not less than five feet. The 
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vertebrae of wbich it is composed are so large, that tbe cir- 
cumference of this organ near the root must have been be- 
tween five and six feet. Large processes are attached to 
the caudal vertebrae, which would strengthen it greatly; 
and there are indications on the back of extremely powerful 
muscles to work it. It assisted, no doubt, in occasionally 
supporting part of the weight of the body. 

Having thus considered the remarkable structure of the 
hinder extremities and their vast strength, let us turn next 
to the fore-legs, and learn the relation exhibited by them to 
the rest of the body. 

The fore extremity of the Megatherium consists of a 
scapula or blade-bone, a humerus or shoulder-bone, two 
bones of the fore-arm, wrist-bones, bones of the palm of the 
hand and finger-bones; including therefore every perfection 
of structure manifested in the mammalian type except an 
opposing thumb. Some of the fingers are, however, im- 
perfectly developed, and were chiefly useful in locomotion. 
The length of this extremity does not differ greatly from 
that of the hind leg. 

The shoulder-blade exhibits the general proportions and 
some of the peculiarities of structure belonging to the class 
Edentata^ and more especially possessed by those requiring 
to make great and powerful use of the fore extremity ; and the 
effect of the contrivances thus alluded to is to give an un- 
usually large and irregular surface for the attachment of 
those muscles which move the fore-leg. The blade-bone 
or scapula is connected to the chest by a clavicle or collar- 
bone, the absence of which in the pachyderms and large 
ruminants is in accordance with the habits of those animals. 
The collar-bone gives a steady and fixed position to the 
socket of the blade-bone, at the same time admitting of a 
rotatory motion in the extremity. It is the possession of 
this bone that enables many small animals to carry food to 
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the mouth by the fore extremity, but its chief u^e seems to 
be to give strength and stability to the shoulder joint, «o 
that it would be out of place in such animals as the ele- 
phant, the deer, or the ox, whose habits are different. In 
the megatheroid animals, however, the head was small, the 
proportions of the fore part of the body not excessive, and 
at the same time there is no reason whatever to suppose 
that the animal required to move rapidly. 

The shoulder-bone of the megathere is remarkable for the 
enormous size of the lower part. It is small in the middle 
and upper part, and is connected with the blade-bone by a 
round head fitting into a socket and admitting of free mo- 
tion. At the lower end, however, where it is attached to 
the arm-bones, it attains an immense breadth, and served 
for the attachment of muscles of extreme and unusual mag- 
nitude, working the fore-foot. The use of this expansion is 
obvious, if we compare the shoulder-bone of a ruminating 
animal, where the crests are scarcely observable, with the 
corresponding bone in the elephant and rhinoceros. In the 
ant-eater this contrivance is carried yet further, and by its 
means the animal is greatly aided in digging up the large 
solid nests of the white ant. The bones articulated to the 
large termination of the shoulder-bone correspond well 
in magnitude and strength. The one is broad, powerful 
at its upper end, and short, and the other revolves freely 
upon it, giving that motion of the fore extremity by which 
man is able to move his hand on either side by a simple mo- 
tion of the wrist; 

The entire fore-foot must have been a yard long and 
twelve inches wide. It was provided with five toes, three 
of which were conspicuous for their large proportionate 
size, and were armed with long and powerful claws. The 
Qther toes did not appear outside the foot, being only rudi- 
mentary. 
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The account \rhich I have given of the skeleton of the 
Megatherium requires but little modification when we turn 
to the other smaller animals of the same kind living at the 
same time, and found in the same locality. 

The Mylodauj the one best known, was smaller than the 
megathere, its trunk being shorter than that of the hoppo- 
potamus, although the pelvis and the bones of the extremi- 
ties were greater than the corresponding parts in the largest 

Fig. 146 




elephant. The chief difference's that , exist between this 
genus and the more gigantic one already described, are 
seen in the nearer approximation to the sloth exhibited in 
the form of the skull, and several modifications of little im- 
portance that characterize the teeth. The fore extremities, 
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also, were terminated by only two instead of three-clawed 
toes, but in all important points the animal was the same. 

The figure presents an outline of the animal as it may 
have appeared when engaged in obtaining food from the 
trees of the forests it inhabited. The attitude is the same 
as that in which the perfect skeleton in the Royal College 
of Surgeons is set up. 

The Megalonyx^ is another genus, chiefly known by bones 
of the extremities. It appears to have had the thumb more 
developed, and greater freedom of motion of the fore ex- 
tremity. In other respects, and in its proportions, it pro- 
bably resembled the Mylodon. 

The Scelidotherium\ differs rather more from the mega- 
theroid type than either the Mylodon or Megalonyx, and 
even exceeds them in some of those monstrous proportions 
for which they are so remarkable. It is also interesting as 
exhibiting a transition to the ant-eater and armadillo, which 
it resembles more than the sloth in the form and structure 
of the skull. In all important points, however, as well 
with regard to the head as the vertebral column, and also 
in the dentition, the scelidothere and the Megatherium are 
so closely analogous that they hardly admit of a separate 
description. In the fore extremities the same singular con- 
trivances present themselves ; and in the hinder extremities 
and the tail, the strength is perhaps greater in proportion 
than in any known animal, living or extinct. 

Of these bones the femur, or thigh-bone, is the most re- 
markable, and it differs in some points from the corres- 
ponding part of the megathere, its breadth being greater in 
proportion to its length than is the case even in that singu- 
larly proportioned animal. It appears, that, althc^ugh the 
total length of the scelidothere could not have been greater 

f Mfj/AMr (megaU,) great; wtf (ony«,) a claw. 

t XxiAic, gen. ^iMjiot (•ceZidof ,) the tbigb ; Bnftof {iJterion^i beait 
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than that of a Newfeundland dog, the fore extremities not 
being larger, and the height not nearly so great, the hind 
extremities were more gigantic than those of the largest 
rhinoceros or hippopotamus, and the animal was provided 
with a tail so thick and strong, that there is nothing in 
existing nature with which to compare it. 

We have now only to consider what can have been the 
habits of animals so strangely organized, resembling the sloth 
in the structure of the teeth and other characters which 
marie the food to have been the leaves and tender twigs of 
trees, but rather approximating to the armadilloes and ant- 
eaters in certain peculiar contrivances for strength which in 
these living edentates are connected with habits of digging 
and burrowing beneath the surface of the earth. All the 
extinct species we have yet discovered of the group attained 
dimensions which seem to have unfitted them entirely for 
any such habit, neither allowing them to climb trees like 
the sloth, or to burrow like the mole, the ant-eater, or tl)e 
armadillo. 

We know that the general proportions of the megatheroid 
animals resemble those of the elephant ; but, although their 
body was relatively quite as large, their legs were shorter 
and much thicker, and their fore extremities were endowed 
with greater facilities of motion. 

The head, moreover, is very diminutive, and the neck, 
although longer, was not so much so as to enable the animal 
to reach to any height above its body. It is also quite cer- 
tain that these animals could not have had a long proboscis, 
and some had no proboscis at all ; so that the question pre- 
sents itself, how they could have obtained the leaves of 
trees, which the structure of their teeth shows to have been 
the only food adapted for them. 

Now we have seen, in the course of our investigation 
concerning the peculiarities of structure of these animals, 
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that they exhibit in all cases yeiy remarkable modificatioiis 
of the extremities, the hinder part of the body being enor- 
mously large, powerful, and massive, and bearing every 
mark of the greatest possible adaptation for resisting pres- 
sure, forming as it were a paiiU tPappuij from which the rest 
of the body could act with safety and certainty. It is also 
the case that the fore extremities were exceedingly power- 
ful, but in a different way, admitting of free motion, and 
provided with large and prominent claws, so that they were 
well adapted for grasping the trunk or the larger branches 
of a tree, while the forces concentrated upon them from the 
broad posterior basis are such as could well assist in the act 
of wrenching off a branch, or even, if need were, uprooting 
a tree. 

There is, indeed, no other reasonable conclusion to be 
drawn from the consideration of the framework of these 
gigantic quadrupeds. Their massive proportions cannot 
but arrest the attention of even the most indifferent beholder, 
and such proportions seem to imply powers and actions as 
peculiar to the living animal, as are these modifications to 
the framework of the body handed down to us. 

The enormous pelvis of the Megatherium proclaims itself 
the centre, whence muscular masses of unwonted force, 
diverged to act upon the trunk, the tail, and the hind legs ; 
but, ia order that it should possess stability and resistance 
equivalent to the due efiect of the forces acting from it, it 
required to be bound down, and supported by members of 
corresponding strength. 

We find, accordingly, a thigh-bone, which, though longer 
than the shoulder-bone, is half as broad as it is long, and is 
provided with bony crests, giving unequivocal evidence of 
the magnitude and power of the muscles once attached to 
and working from them. 

This thigh<bone, placed vertically, rested on leg bones 
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of corresponding magnitude, and on a foot which in all its 
proportions must have served as a fit basis for the leg. The 
foot was of great length (equalling, if not surpassing, that of 
the femur ;) the prolongation of the heel served as a ful- 
crum, and the powerful claw of the middle toe held fast to 
the ground, at the moment when the forces of the fore-limbs 
were exerted. Therewas also a strong and powerful tail, 
its proportions being exactly such as to complete with the 
two hind legs a tripod strong enough to afford a firm foun- 
dation for the massive pelvis, and sufficicmt resistance to 
the forces acting fi*om that great bony centre. The propor- 
tions of these parts, colossal as they are, lose their anomalous 
character when we view them as the fixed point towards 
which the fore part of the body was to be drawn when the 
animal was in the act of uprending a tree to serve as its 
subsistence ; and the value of all these contrivances is seen 
when we understand the habits of these singular animals. 

The nature of the fopd required by them has been already 
mentioned ; and since it is utterly incredible, that creatures 
so vast in their proportions should have been either climbers 
of trees or burrowers in the earth, while their teeth and jaws 
were expressly adapted for the comminution of foliage, and 
their height and general form prevented them from reaching 
up to obtain such food, it only remains for us to conclude 
that they were enabled by their great strength to uproot the 
trees themselves, and bring the foliage on which they fed 
within the reach of their mouths or short trunks. Having 
thus obtained the means of supporting life, and being pro- 
vided with a tongue of remarkably large size and strength, 
not less adapted than that of the. giraffe (and apparently 
even larger and stronger in proportion,) the creature was 
thus enabled to strip off the leaves and smaller branches, 
which the absence of teeth in the front of the jaw left to be 
performed by such agency. Every contrivance was intro- 
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duced to fit these animals for the performance of certain 
offices in the ancient forests of Soudi America, which are 
now executed by a multitude of smaller animab, not very 
dissimilar in many points of structure. 

The megatheroid animals, however, are not the only 
gigantic species of the edentate order living at this period. 
Associated with them was an armadillo, almost as colossal 
in its proportions and quite as anomalous in its structure. 
This animal has been called the Glyptodon* and it exhibits 
in the complicated structure of its teeth an approach rather 
to the pachydermatous type shown in the Toxodon than to 
the megathere or the existing armadilloes, while in other 
respects it seems to have connected the edentates with die 
beavy-cdated rhinoceros. 



Gltptodoit. 

The Glyptodon, like the armadillo, was covered and de- 
fended by a shell not unlike a coat of mail, made up of 
round or many-sided pieces, fitting one another accurately, 

» TMwrrof (glypto9t) sculptured ; am {odoui,) tooth. 
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eontinuous over the whole of the upper part of the body, 
and covering the upper surface of the thick and powerful 
tail. The armour is massive and very heavy, and when 
detached from the body resembles a barrel. 

The bones of the leg and foot, perfectly adapted to bear 
the steady pressure 6f an enormous weight, are extremely 
' interesting. They present the frame- worfc of a foot of such 
structure and form as is without a parallel in the animal 
kingdom, so admirably is it contrived to form the base of a 
column destined to support a vast superincumbent weight, 
and at the same time to allow of that degree of motion of 
the fore extremities which is required for the^Scratching and 
digging operations of animals like armadilloes. The Gljrp- 
todon can only be matched by the great land tortoidb, whose 
remains are found fossil in the SeWalike Hills ; and we 
may almost consider it to have represented this monster, 
performing a nearly similar part, and clearing away the 
decaying animal and vegetable matter, that might other- 
wise have accumulated and become mischievous. Several 
species of gigantic size have been determined from the ex- 
amination of fossils brought to £ngland, and now preserved 
either in the British Museum or the Royal College of Sur- 
geons, 

The inhabitants of the central plains of South America 
during this period appear to have wandered northwards as 
far as the southern districts of North America, while the 
Mastodon of the countries ranged southwards into Brazil. 
Whether the means of passage consisted of continuous or 
broken land on the eastern side of the Gulf of Mexico, or 
whether the high land of Mexico itself even then connected 
the two continents, we are not at present able to tell, but 
the very broad distinctions that there are between the ex- 
tinct faunas of this comparatively modem period, as exhibit- 
23 
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fd by the fossils of North and Soatfa America geaerally, as 
well as the great difference observable in the recent faunas, 
woold rather lead us to conjecture that the species common 
to both may have been conveyed accidentally, and that 
these two great tracts of land in the western hemisphere 
were anciently detached from one another. 
. However the case may have been in that respect, it is - 
interesting to consider the condition of this part of our earth 
at Xhe period immediately antecedent to the introduction of 
man. Instead of a country remarkable for the absence of 
all lai^e quadrupeds, it was exactly the reverse, but these 
ancient giants are now represented by smaller although 
similar species. The Pampas then, perhaps, presented a 
condition of vegetation little different from that still charac- 
teristic of them ; numerous clumps of forest trees were 
dotted about at intervals, and the intervening country was 
covered for the most part by rich and luxuriant vegetation. 
Other trees probably fringed the tnargin of those gigantic 
rivers which still pour out their torrents of water and drain 
a mighty continent. In the half swampy tracts, or in the 
pools formed by the shifting beds of these rivers, the Toxo- 
clon then dwelt : and over the broad plains the Macrauchenia 
slowly paced. At one spot, numerous bare trunks of trees, 
stripped of their verdure, rotten and half decayed, or alive 
9gain with th^ busy tread of millions of ants and other in- 
sects, mark the vicinity of the great leaf-eating tribe. The 
Glyptodon, with his heavy tread, slowly advances under 
tl^e weight of a thick and cumbrous co^t of mail, and finally 
clears away the half-destroyed vegetation. The smaller 
species of the megatberiod family — each one, indeed, a 
giant in his way — feed on the younger and smaller plants, 
tearing them up by (he roots or reaching from the ground 
to devour their foliage.. 
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But presently die Megatherium himself appears, toiling 
slowly on from some great tree recewtly laid low and quite 
stripped of its green covering. The earth groans under the 
enormous mass; each step bears down and crushes the 
thickly growing reeds and oihef plants; but the monster 
continues to advance towards a noble tree, the monarch of 
this primaBval forest. ^^ For awhile be pauses before it, a9 
if doubting whether, having resisted the storms of so many 
seasons, it will yield even to his vast strength. But soon 
his resolution is taken. Having set himself to the task, he 
first loosens the soil around the tree to a great depth by the 
powerful claws on his fore-feet, and in this preliminary woric 
he occupies himself for awhile: and now observe him care-* 
fully. Marching close to the tree, wateh him as be plants 
his monstrous hind feet carefully and eamestfy, the long 
projecting claw taking firm and deep hold of the ground. 
His tail is so placed as to rest on the ground and support: 
the body. The hind legs are set, and the animal, lifting 
itself up like a huge kangaroo, grasps the tree with its fore- 
legs at as great a height as possible, and firmly grapples it 
with the muscles of the trunk, while the pelvis and hind- 
limbs, animated by the nervous influence of the unusually 
large spinal cord, combine all their forces in the eflfort 
about to be made. And now conceive the massive frame 
of the Megatherium convulsed with the mighty wrestling, 
every vibrating fibre reacting upon its bony attachment with 
the force of a hundred giants : extraordinary must be the 
strength and proportions of the tree, if, when rocked to and 
fro, to right and left, in such to embrace^ it can long with- 
stand the efforts of its assailant." (Owen, on the Mylo- 
don.) The tree at length gives way ; the animal, although 
shaken and weary with the mighty effort, at once begins to 
strip off every green twig. 
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The eflbrt, however, even when successfol, was not 
always without danger.* The tree in falliog would some* 
times by its weight crush its powerful assailant^ and the 
bulky animal, unable to guide it in its fall, might often be 
injured by the trunk or the larger branches. To guard 
against some of this risk, the skull, the most exposed part, 
is found to exhibit more than usual defence against injury. 
It is more cellular than is usual with other animals, and the 
inner and stronger plate b covered with an outer table and 
intermediate walls, to resist a sudden and violent shock. 

Thus does it appear, that at a very recent geological 
period, and perhaps not long before the actual introduction 
of man upon the earth, a multitude of strange and mon* 
strous animals tenanted various districts ; that each group 
was then, as it is now, distinct from the rest, although so 
organized as to perform the same part iu nature ; and yet 
more, that each group possessed certain peculiar characters, 
exhibiting a relation with the animals still inhabiting the 
same districts, although the actual species are greatly 
changed, being modified in form, in proportions, and in 
habits. It would not be easy to imagine sets of phenomena 
more instructive, or more suggestive of new ideas and new 
views of creation ; nor could any plan that we can conceive 



* In the ipeeimen of Mylodon^ id the CoUege of Surgeons, the ikuQ 
has undergone two fractures daring the life of the animal, one of which is 
entirely heated and the other partially. The former exhibits the outer 
tables broken by a fracture four inches long, near the orbit The other 
is more extensive, and behind, being five inches long, and three broad, 
and over the brain. The inner plate has in both these casc^^s defended 
the brain from any serioas injury, and the animal seems to have been re- 
covering firom the latter accident at the time of its death. (See Professor 
Owen's Memoir **0n the Mylodon,*' &c., p. 22^ H pattitn. Many of the 
remarks in the present chapter have been borrowed from this admirable 
monograph.) 
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have indicated so clearly the uniformity of action, and the 
multitude of different means used to bring about the same 
great end. We shall consider in the next chapter the gene- 
ral conclusions that are suggested from this study of ancient 
nature. 
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CHAPTER XVL 

GENKRAL CONSIDERATIONS CONCERNING THE RESULTS OF GEOLOOICAI. 
INVESTIGATION. 

No one can properly consider the nature of geological 
researches, and the extent to which they indicate the an- 
cient history of the globe and its inhabitants, without being 
struck by the simplicity and grandeur of the great plan 
of creation, and the adaptation of certain typical forms of 
organic life to a vast variety of different conditions, exam- 
ples of which seem to have been introduced in regular order 
from the beginning of the world till now. In the preceding 
pages I have endeavoured to give, in the way of narrative, 
an idea of some detached but characteristic events of this 
history, and a number of sketches of the different epochs, 
or times when the conditions were most peculiar and most 
instructive. 

In carrying out this object, however, I have frequently 
been forced to dwell rather upon the differences than the 
analogies that may be traced in the structure and adaptation 
of succei#ve groups, and have directed attention so often, 
and in so marked a manner, to these difTerences, that some 
of my readers perhaps might over-estimate theb importance,, 
did I not now, in summbg up the nature and value of the 
evidence already given in detail, explain how far such an 
impression may be considered correct. In the present con- 
cluding chapter, therefore, I propose to take a general 
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view of the whole subject, tracing as far as I am able the 
gradual development of life upon the globe. 

Now a very superficial glance at general natural history 
will show, that however great the difference may be between 
the groups characteristic of any two geological periods at 
the same spot — a difference, therefore, corresponding to a 
lapse of time — the distinction is equally marked at the pre- 
sent day in living groups with respect to space. Whatever, 
also, may have been the law anciently in force with refer- 
ence to the succession of organic beings on the earth, and 
the introduction of new ones, that law, so far as we can 
tell, is permanent and uniform. 

It appears, therefore, that a Vast and comprehensive plan 
still perhaps only partially unfolded, marks at once the in- 
finite wisdom, the infinite power, and the infinite goodness 
of the Creator ; and we may also conclude, that this method 
of action, or, if we will so call it, this law, may involve in 
its vast compass, not merely our own planet, but some or 
all of those orbs which circle round our sun, and perhaps, 
also, those unnumbered systems, which, like our own, are 
in motion through space. It is possible that all these 
bodies may in their progress exhibit an analogous method 
of development, consisting of the elaboration of series of 
groups, alike and yet different, each perfectly adapted to its 
purpose in its own way, and each having direct reference 
to all the rest.* 

I am quite prepared to admit that the advance of accu- 
rate scientific knowledge may be so considerable as to 
enable man at some future day to comprehend not only a 

* It shoald, however, be distinctly understood, that there is not the 
slightest reason to suppose any actaal repetition of the same plan. The 
eridenoe we have on the subject would rather lead us to conclude the con- 
trary ; but there may Ftill be that amount of analog^y which involves unity 
of plan. 
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few of the details, but even tke general nature of this great 
plan of development. But he is certainly not yet in a con- 
dition to perceive the bearing of all those facts which are 
presented for his study, or to obtam a comprehensive view 
of the broad generalizations they involve ; and in the attempt 
to include them within the compass of his imagination, and 
express their true relation in language, he has hitherto al- 
ways failed. Convinced as I am of this, I offer with great 
diffidence those general conclusions on the subject in ques- 
tion which I have to suggest ; and if I should be myself ac- 
cused of speaking less cautiously or more dogmatically than 
may seem fit, I can only repeat this expression of my earnest 
endeavour to avoid such a form of speech. On the other 
hand, while I would not wish to blame others for giving 
decided expression to their own views, I would still cau- 
tion my readers against the premature and unwise attempts 
that have been made by some authors to explain apd bring 
within the compass of an assumed law of development the 
obscure and isolated phenomena hitherto observed and ap- 
parently bearing on this subject,* whatever those views 
may be. 

If, from the study of fossils, we seem to attain any defi- 
nite notions concerning the general plan of creation, these, 
it must be remembered, are only valuable so far as they can 
bear comparison with observations concerning existing na- 
ture, and the present condition and relations of organic and 
inorganic matter. The moment that we pass beyond this 
limit, that moment we launch without compass into a vast 
and boundless ocean of conjecture, guided only and warned 
by the appearance of innumerable wrecks, the results of 

* The law of deyelopment to which I here allode, tappoMf the sue. 
cettive elaboration of organic beings, each new form exhibiting higher or 
more complex organization. 
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similar attempts, which serve to point out the danger, but 
hardly teach us how to avoid it. 

In the actual coaditioa of the earth's surface we find 
abundant proof of change of almost every kind. Nothing 
is permanent, nothing continues in a condition absolutely 
the same for more than the shortest possible time: there is 
movement, disturbance, modification going on, above the 
sur&ce, on the surface, and beneath the surface — every- 
thing is in motion, not a particle of matter in the whole 
universe stands still, and every thing is manifestly tending to 
a somewhat different state, though there appears every 
probability that the new state will be strictly analogous to 
the old one. 

In the case of inorganic nature, this perpetual turmoil is 
now universally recognised. Not only does the earth move 
as a mass, but every particle of matter seems to be con- 
stantly changing its position in relation to the adjacent par- 
ticles. The air is constantly receiving, conveying, and 
distributmg particles of earth and water. The water is in 
constant movement from the action of the winds and tides, 
from the influx of rivers, and from unequal evaporation 
from its surface. But the surface itself is yet more 
decidedly exposed to change; for not only is part carried 
from one place and deposited in another by every dash of 
the never-tiring wave, and every drop that falls in the form 
of rain, but there is a constant tendency in the parts below 
the surface to re-arrange themselves in some other order-— 
to obtain an equilibrium which is no sooner obtained than it 
is lost. All nature is thus animated ; the sea is never so 
quiet, the air is never so calm, the earth is never so 
fixed, but that these silent and invisible, but appreciable 
changes still go on. ^ 

And these changes, we are taught by me most careful 
observations and measurements, have much more than a 
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mere superficial and momentary character. Large tracts of 
land are being even now upheaved, and others are de- 
pressed. But a few years — and what is now a flat coast- 
line may present a steep clifl'; and large tracts of land now 
above the water may then be submerged. Streams and 
rivers bring down mud, and by this mud choke up their 
own channels ; but they soon make other channels, which, 
after a time, are closed in a similar way. 

But if this is the case with regard to inorganic matter, 
how much more strikingly is it true when we consider the 
nature of organic life. A constant replacement of every 
part, both solid and fluid, which is endowed with the 
mystic power of life, seems to be the first requisite for its 
existence, and the essential attribute of its presence. Every 
particle of the solid frame-work which supports our bodies 
will, in a few weeks, or at the most a few months, entirely 
disappear, only, however, to give place to other particles 
arranged in like manner. Individuals are' in the same way 
represented by their offspring; and this representation is 
carried out in nature, not only with families of individuals, 
but also with those groups into which we collect similar 
beings, organized with the same characteristic peculiarities. 
Every thing in nature speaks of substitution and repre- 
sentation—a permanence of idea, but a ceaseless change in 
the individual! 

Analogy, therefore, would teach us to expect that there 
has always been and must always be this amount of change. 
But does analogy go no farther ? In the case of some ani- 
mals, the young is first brought into the world perfect in its 
kind, and filling a definite place among created beings, but 
not adapted to the habits, and apparently not possessing the 
structure and l^culiarities of the parent animal. But the 
young becomes at length more perfectly developed, ac- 
quiring a greater variety of wants and of powers, and 
gradually seeming to exhibit a more complex, or, as we 
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are io the habit of considering it, a higher organization, but 
only seeming to do so. Here, therefore, we have analogy 
of a remarkable kind, not without its meaning, and worthy 
of being referred to as a key in explaining difficulties. We 
know not why or how it is that the egg of a butterfly, when 
it has existed for a certain time, and has been exposed to a 
certain temperature, becomes a worm, greedily devouring 
green food, rapidly increasing in size, and performing the 
important part it is known to do in the economy of nature. 
Still less, if possible, can we judge of the cause why this 
worm, after a time, building for itself a warm coat of silky 
fibre, burying itself, as it were, in a shroud of its own manu^ 
facture,— ceasing to feed, and scarcely remaining alive,-* 
at last bursts forth in the form of a parent animal, and lives 
for a short time on the tender juices of flowers. Surely this 
is not less remarkable, although the phenomenon is more 
familiar, than the succession of species which we observe to 
have taken place during the lapse of time, or the repre- 
sentation of species well known to exist over wide areas in 
space. 

The anabgy is not greatly strained, if we suppose that 
the origmal plan of development of all organic nature, 
whatever it may have been, included succession and repre- 
sentation of species, just as the development of the moth 
includes metamorphosis : nor is it unphilosophical to suggest 
such an illustration as an explanation, not only safe to a 
certain extent, but even satisfactory with regard to many of 
the difficulties presented by this subject. 
' But there is no appearance in nature, and nothing in ge- 
ology, that can enable us to explain. by progressive deve- 
lopment the gradual derivation of new types, or well-marked 
groups, of higher organization from those which preceded 
them. In the oldest formations we find corals, star-fishes, 
crustacean animals, and shell-fish (mollusca,) together with 
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a very few fragments of small fishes. We know not accu«' 
rately how far these may have been the products of a deep 
or a shallow sea — of an ocean far distant from land, or a sea 
whose coast-line was immediately adjacent. We know not 
either whether this sea was warmer or colder than the sea 
that washes our coast now. But thi^ we do know, that of all 
these animals, each is perfect in its way, each is fully deve- 
loped afler its kind. The trilobite had perfect vision by its 
hundred eyes^-the cuttle-fish powerful and perfect weapons 
of destruction, ample means of escape from danger, and an 
admirably contrived chambered habitation — ^the fish had its 
strong defence of enamelled scales. Nor were the corals, 
the cuttle-fish, the crustaceans, or the fishes of after times 
at all more highly organized in these respects.* 

And such is the case throughout. The reptiles which 
first appeared belonged to groups more complicated in 
their organization than many of those which succeeded 
them. In all ancient forms of animals, also,'as in their ex- 
isting analogues, there is adaptation as well as development. 
These two great principles proceeded, it would seem, hand 
inliand, side by side, carrying out the great plan sketched 
from the beginning. Wherever there was room for an ani- 
mal or vegetable of a certain kind, there that animal or 
vegetable was introduced, bearing its mark as belonging to 
a special group, and exhibiting the closest resemblance to 
some other organic form, filling elsewhere, or at another 
time, the same oflSce. There is, however, very rarely any 
absolute identity of specific form in the individuals or 
groups characteristic of times or places removed by a great 
interval. 

* Still, it mast not be forgotten that there is in the structure of some of 
these animals, and especially the fishes, a singular limitation to what is 
now the character of the corresponding species at an early period of the 
development of the iodividuaL 
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There is hardly any fact in natural history more distinctly 
the result of observation, or more valuable as suggesting a 
great law of nature, than the strictly co-ordinate relation 
which space and time bear to development in organic exist- 
ence. In the comparative repose of the open sea, on a 
calm day, in deep water, we find floating on and near the 
surface myriads of animals and vegetables of the very sim- 
plest organization, {Ftyraminiferay Medusa^ Conferva^ and 
Fud^) and these differ but little, whether we examine the 
waters of the high northern latitudes, the seas of the tro- 
pics, or those of the Antartic zone ; and in rocks that appear 
to have been formed in deep water we find very generally 
the remains of similar animals, as far as they are capable of 
being preserved ; their range in a fossil state being as con- 
siderable in a verticle direction as it is horizontally with''V©r^tc^6 
regard to the recent species.* 

These minute animals, standing as they do on the ex- 
treme verge of animated existence, perform also, in all pro- 
bability, (a suggestion for which we are indebted to Pro- 
fessor Owen,) the important office of bringing back into 
circulation a vast quantity of organized matter, just when 
oa the point of being dissipated in^ its chemical elements. 
The animalcules soon become the food of other creatures 
of somewhat higher organization ; and they supply in this 
way, and very rapidly, sufficient nourishment for the nume- 
rous and voracious tribes of Mollusca, crestaceans, and 
fishes that inhabit the water. 

The course of nature in this respect seems to have been 
at all times the same. Certain Mollusca of low organiza- 

* In the case of infusorial animalcales, the sanie species (the inhabitants 
of fresh water) have been found living^ in the southern extremity ofSoatli 
America and in Europe; while species at one time supposed to be peeu* 
liar to America, have been found associated with African land species in 
the dust that has fall, n upon vessels far out at sea in the Atiantic. 
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tioDy the so-called Brachiopodaj not many steps removed 
from the animals of the former groap {Zooiphyta^ appear 
to have been, next to them, among the most widely extended 
groups, constantly represented in elosely allied, if not iden- 
tical specific forms. In other words, they are the most cos- 
mopolitan of existing Mollusca; they are gregarious and 
often live in great depths of water, but lastly they have 
considerable vertical range, and are greatly similar to one 
another in their development in time. Some, no doubt, of 
the highest Mollusca, nearly related to the common squid 
or cuttle-fish, are also very widely spread, but this arises 
from the free-swimming habits of the animal, and is there- 
fore to be considered as having a different cause from that 
which obtains in the former case, where the animal, at least 
in the full-grown state, is permanently attached to some 
submarine body. 

No animals, again, at the present day, are more widely 
distributed than those which secrete and deposit in various 
ways solid calcareous matter ; and of all these it would be 
difficult to find any that have greater influence than some of 
the smaller zoophytes. It is just these animals also whose 
remains are distributecUhrough rocks of various ages, and 
which, therefore, seem to determine least effectually, in time 
as well as space, any important point with regard to the 
true geological position of a containing rock. 

If, leaving the Invertebrata, we examine the various 
groups of vertebrate animals, a nearly similar result is ob- 
tained. Certain groups of fishes now characterize certain 
limited districts, and this without our being able to discover 
any reason for it. Of these groups some exhibit much 
higher organization than others, and present marked differ- 
ences of habit and structure, while some, on the other hand, 
are more widely distributed and more nearly cosmopolitan. 
On our own coast, again, we should find buried at mode- 
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rate depths, and at no great distance from the coast-line, a 
multitude of animals, exhibiting probably but few decided 
indications of the vicinity of land except within the range 
q( comparatively i^oal water. On the coast of America, 
on the contrary, there would be extensive deposits in the 
open sea, at a distance of several hundred miles from the 
coast, containing occasionally plants and animals floated 
down by the vast rivers of that continent, and conveyed 
along on the surface by the river stream and the marine cur- 
rents. On the coast of Asia we should probably have 
striking indications of the existence of animals of high or- 
ganization ; while on the coast of Australia there would be 
scarcely any mark of higher conditions than those which 
are known in the oolitic rocks. Lastly, in those distant 
parts where the ocean is broad and deep, and the islands 
small and scattered, there might only be seen the remains 
of imperfectly organized Foraminifera, mixed perhaps with 
a few Radiata, such as the deep-sea urchins, and fragments 
of some free-swimming animals. 

Now it is important to consider these great differences, 
because they lead us to the only true means of judging 
with regard to geological phenomena. Any one visiting 
in succession Australia, South America, Europe, South 
Africa, and Asia, and looking at the animal kingdom with- 
out taking man into account, might come to the conclusion, 
that, in point of development and complexity of organiza- 
tion, there was on the whole a distinct advance in the scale 
of beings ; or that, in other words, the indigenous mamma- 
lian animals or quadrupeds existed in a condition less re- 
moved from that of birds and reptiles in Australia than in 
South America, in South America than in Europe, in Europe 
than in South Africa, and in South Africa than in Asia, 
since, in the first-named district, he would find the mar- 
supial or pouched animals exclusively present, in the next 
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the edentates most characteristic,* in the third the ramn 
nants, in the fourth the pachyderms and camiTorous ani- 
mals, and in the last the pachyderms, Camiyora, and mon* 
keys. Would he for this reason, however,' be justified in 
concluding that in either case the kind of pn^press exhibited 
in Nature's works would gradually bring out edentates from 
marsupials, ruminants from edentates, camivora from rumi- 
nants, or monkeys from camiyora ? We may safely assert 
that such a conclusion would be false ; nor is there, in any 
case, the shadow of probability that progress or. develop- 
ment of this nature has ever existed. And when, in ex- 
amining rocks of different age, we discover marsupials in 
the oolite, what is the actual evidence with regard to the 
other groups of quadrupeds? It is simply this, that in the 
next newer beds in which the remains of quadrupeds 
appear, there are marsupials, ruminants, pachyderms, car- 
nivores, and monkeys, indiscriminately mixed together; 
and with regard to the three latter groups, it is not easy to 
determine which of them was the truly characteristic one ; 
for, though the remains of the pachyderms seem to be more 
abundant than any others, this may well be a result of their 
peculiar habits and the swampy condition of the land near 
where the beds were deposited, and we know that such 
animals are at present, and may well suppose that they 
always were, associated with numerous and powerful spe- 
cies of Camivora. 

Besides, however, these facts with regard to the present 
distribution of quadrupeds, we find that the distribution of 
the groups m times not long past exhibited a strictly analo^ 
gous class of results. In South America, for instance, the 

* In Sooth Aoaerica there k now not one iodigenom species of th« 
hollow-homed raminants (ox, sheep, goats, &c.,) and the pachyderms 
and Camiyora arc few in number of species, and of small size. This was 
not the case, however, dnriog the Tertiary period. 
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horse and several other pachyderms, several hollow-homed 
ruminants, and some carnivores of larger proportions than 
pow exist, anciently inhabited the country and were con** 
temporaries of the gigantic edentates. There is some evi- 
dence also to prove that North and South America were 
formerly united much more directly than they are now, 
the more highly organized group seeming to have been de** 
3troyed in the southern part of the continent, l^ut having been 
retained in the northern. So also in England and western 
JBurope we find fossil monkeys, and indications of vast 
multitudes of large Carnivora and pachyderms, although 
these' animals have there been for a long time nearly or 
altogether extinct. 

The result that we are forced to arrive at from such con- 
siderations as these is, that climate and atmospheric condi- 
tions, the consequence probably of differences in the quan- 
tity of land above water in certain districts, in the relative 
position, the extension, and the level of the land, combined, 
it may be, with other causes concerning which it would be 
idle to speculate, had far more to do with the extent and 
the true nature of the organic forms, than any incomplete 
development of the mammalian class. 

The notion of a true progressive development, the geolo- 
gist therefore, as well as the zoologist and botanist, must 
except against. There are no good grounds for believing 
in its existence in any case at present ; and the history of 
the past is decidedly opposed to the idea of such a plan 
having ever been in operation. 

Nature, in fact, will not allow herself to be tortured into 
Qur systems, nor will she adapt herself to the procrustean 
bed of any system- maker amongst^ us. The infinite rami- 
fications of life, the thrusting in, as it were, in every spot 
where life is possible, of those animals and vegetables best 
fitted to exist under sue!) circumstances; these of tbem- 
24 
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selves are sufficiently important facts, and speak clearly 
enough to check presujnptive and hasty generalizations, if 
indeed it were possible to check this natural tendency to 
advance too hastily to conclusions. At all degrees of tem- 
perature, from the surface of snow to the bofling water of 
hot springs ; in all soils, from the rich land of the tropics to 
the barren desert ; on the whitened surface of pure salt and 
on the naked rock on the mountain summit ; in all degrees 
(^f light, from the full glare of sunshine to the darkest re- 
cesses of the rocky cavern ; in air and in water ; upon the 
earth, and even beneath the earth ; at all times, from the 
first introduction of living beings until now — we find press- 
ing in on every side.abundant evidence of this marvellous 
fact, this perpetual miracle. We are surrounded by the 
results of life, and most of the productions of art are derived 
from materials first elaborated by organic bodies either ani- 
mal or vegetable, and in that state afterwards made availa- 
ble. 

Notwithstanding this vast and exuberant presence of or- 
ganic existence, it is yet true that we cannot even imagine 
the nature of the broad line of demarcation, which seems, 
as it were, to form an impassable gulf between that which 
we call living, and that which is only dead matter. Life 
is no less a mystery to us now, than it was when man first 
speculated on its nature. We know not what it is, why it 
is, or how it is ; we know only that it exists, and is every 
where present. The development of one form of life from 
another may therefore well remain undetermined, since we 
cannot even guess at the nature of that first change which 
produces organization, and which thus modifies and acts 
upon inorganic matter. 

From the investigations of naturalists concerning various 
groups of animals of high organization, as they are now 
distributed in different parts of the world, there is therefore, 
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I repeat, no support for any theory of the progressive de- 
velopment of species ; while the comparison of the species 
themselves, and of the groups whioh they form, with those 
found fossil, or which have been their representatives in 
former times in the same districts, is equally opposed to 
any such view. It should be borne iii mind also, that, in 
taking the case of quadrupeds, we are acting with perfect 
fairness^ as they are the animals of which we know most, 
while on the other hand the evidence they offer is by no 
means the most favourable illustration of the view advo- 
cated, since the reptiles offer matter for consideration which 
is yet more unanswerably opposed to the theory of succes- 
sive development. Without, however, dwelling longer on 
this subject, I would now, in conclusion, endeavour to bring 
together, and place before the reader in a simple and intel- 
ligible form, some of the general results of geological investi- 
gation. 

It appears, then, from the observations that have been 
made, — 

Firsty — That the earth has always been subjected to two 
kinds of forces acting on a grand scale, and over large 
tracts. Of these forces, the one class (called igneous) is 
connected immediately with heat, and has been generally, 
if not always, deep-seated, producing its effects partly by 
modifying and metamorphosing other rocks, partly by eleva- 
ting large tracts, and partly by protruding heated, and some- ^ 
times molten matter through the surface. The other (aque- 
ous) is essentially and necessarily superficial— *tn acts chiefly 
where land and water are in near and extended contact, it 
tends to diminish the inequalities of the earth's surface, and it 
has its efficiency greatly affected by the corresponding action 
of the former class of forces* It also appears that we have 
no distinct proof, although there seems high probability, of 
that condition of things found in the lowest aqueous rocks 
having been the first, for it is quite possible that conditions 
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of formation and subsequent modifications may have pro- 
daced all those peculiar characters on which we found our 
judgment concerning points of this kbd. 

Secondly, — That during the deposit of the oldest known 
fossiliferous rocks, which was certainly an early, if not the 
very earliest, period of the earth's history, there was great 
uniformity of general character amongst the various animals 
whose remains occur in rocks of the same age, over almost 
the whole world, throughout a vast thickness of deposit. 
But there are no distinct indications of any other conditions 
having then existed than might even now obtain, with cer- 
tain very trifling modifications, in some districts, either of 
the northern or southern hemispheres. 

We have not yet, in these old rocks, obtained any proof 
of the vicinity of land ; and even the absence of fishes, or 
their great rarity, although an important negative fact, must 
not be assumed to prove absolutely that no fishes existed 
at that time. Animals of this kind may have abounded in 
other parts of the sea, although the districts where we now 
find the older fossiliferous deposits were possibly unfit, 
through local conditions, for supplying their wants. 

Thirdly J — That in the next succeeding period, when fishes 
were very abundant and of extraordinary form, and where 
there is also distinct proof, in the presence of coal, of the 
existence of land near many of those parts of the earth 
which are now occupied by the deposits of this age, we are 
not obliged to suppose that the land or coast-line was very 
extensive, that it was every where unpeopled by quadrupeds 
and reptiles, or that, even if such was the case, it possessed 
a different atmosphere, or a very greatly increased tempera- 
ture. The parts of the world now most abounding in vege- 
table life are not those in which animal remains would most 
frequently be deposited ; and those containing the most 
nearly allied vegetable forms are neither tropica] in climate, 
nor are they districts in which reptiles or quadrupeds now 
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abound at all. A very broad line of distinction should be 
drawn between positive and negative evidence in cases like 
these, where we are so entirely dependent on analogies* 
Making, however, all allowances, it cannot but appear as a 
very remarkable and interesting conclusion, that there 
should have been in many difTerent countries, extending 
from high northern latitudes to Van Diemen's Land, at the 
same geological epoch, and under nearly similar circum- 
stances, this extensive deposit of vegetable matter; nor is 
it easy to avoid the conclusion, that there must have 
existed some conditions distinct from those which have 
since obtained, and that these acted with great comparative 
uniformity, since they produced such similar results. There 
are few problcojiS in geology, the solution of which would 
be more interesting and instructive than that of the origin 
of coal ; and this perhaps is a matter not altogether hope- 
less, since the careful and minute investigation of the asso- 
ciated beds of shale and stone, so well laid open in the nu» 
merous excavations made to obtain the coal from its bed, 
affords material of unusual value and extent, available for 
this purpose. 

Fourthly^ — It appears that the period which succeeded 
the palffiozoic age was one during which various singular 
and gigantic ^reptilian animals were introduced, and that 
these animals then lived in great numbers, and occupied a 
most important place both among the vegetable and animal 
feeders; but judging from the fossils of this period, we are 
still without distinct evidence of there having been any 
such difference in climate as is inconsistent with the pret 
sent state of the earth's surface. Marvellous, too, as the 
results of investigation have been with regard to this fauna^ 
it ought not to be forgotten, that it offers in many important? 
respects an approximation to existing conditions, pointing; 
rather to the increase of land in small spots, such as islandsi' 
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than to any other change. The largest reptiles now exist- 
ing frequently live in muddy spots, without any luxuriant 
vegetation in their vicinity, and far removed from the 
haunts of quadrupeds and birds. They are well known 
to bury themselves in mud, which often hardens about 
them, and they remain in this way in a state of torpor, 
until returning moisture — their muddy district being again 
flooded — recalls them to life and activity. The marine rep- 
tiles, and the huge land reptiles of the oolites, may thus 
have been very near neighbours,, and the low muddy 
banks, scarcely lifted above the level of high water and 
tenanted by the Plesiosaurus, may well have been suc- 
ceeded or accompanied by low land of the same kind, on 
which the Megalosaurus could find food and shelter. 

But there is considerable difference in the geographical 
position of those districts near which land existed during 
the carboniferous and the oolitic period. In the former we 
see coal or accumulations of vegetable matter dispersed in 
many isolated spots in Europe, as on the Rhine, near Dus- 
seldorf, in Belgium, on the Moselle near Nancy, almost 
throughout France (although in quantities so small that the 
beds are rarely worked,) in the north of Spain, in Russia at 
the mouth of the Don, in Silesia, and in Bohemia. On 
the other hand, it is only in western England, western 
France, and central Germany that the reptiles and land 
animals of the oolitic period are found ; and while in Eng- 
land they occur in all the rocks of that age, they have only 
been met with in France in the older, and in Germany in 
the newer rocks of the series. 

It seems also not improbable, that, since in England and 
western France the oolitic strata were deposited on the 
eastern flanks of the older rocks, but in Germany on the 
southern, and in eastern Europe qn their south-western side, 
the land may. then have extended chiefly to the westward 
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and south-westward, only existing in detached islands to- 
wards the north, and not reaching at all into high latitudes. 
There is not, however, much probability of there having 
been any great extent of land at this period in the dis- 
trict now occupied by Europe, for this area, during the 
earlier part of the period, was most likely marked by long- 
continued, slow depression, favourable to the formatioii of 
extensive and thick fossiliferous banks, and also admitting 
of the structure of coral reefs. 

The period of the oolites, wherever those rocks are to be 
recognised, was one of local depression, but the close of 
the deposit was undoubtedly marked by elevation ; and at 
that time land existed in and near the south-east of Eng- 
land, and may have formed part of a tolerably large tract. 
During the time when the remarkable series of Wealden 
deposits were being formed in fresh water, we are not 
aware of any corresponding marine beds in Europe ; and 
this may have been owing to the existence of a great part 
of Europe as land during this period. In one small area in 
S.cotland, and in North Germany (Hanover,) there are beds 
probably contemporaneous and of some interest; and these 
seem to render probable the vicinity of land where they 
were in process of formation ; but whatever may have been 
the condition at that time, it soon became that of a marine 
district rapidly sinking; and the deep sea of the chalk pe- 
riod soon afterwards covered, with few exceptions, the 
whole land of Europe. The inhabitants of the sea hitherto 
known from the fossils of the chalk period are chiefly such 
as required deep water; and the effect being uniform over 
great tracts, the cause no doubt was the same, and acted in 
the same way. 

The great and important want of continuity of the upper 
beds of the chalk with the beds deposited upon them in 
most parts of the world, cannot but be looked upon also 
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as a most instnictive fact, proving, it would seem, tbat, after 
the materials of these beds had been accnmulated, there 
was a long interval during which they had time to consoli- 
date, and become partially worn away. The deposits at 
that time probably formed the ocean-bed of a great eastern 
ocean ; while the main land of the period, if diere existed 
any in these latitudes, occupied a tract extending towards 
the west and south, but scarcely reaching even the most 
westerly point of Europe. 

At length, however, and fifOdy^ another change took 
place, the ocean-bed became elevated, land appeared near 
the south-western parts of England, extending, perhaps, to 
central France and Italy; and it maybe that there was 
then commenced a great east and west movement of eleva- 
tion, which, acting for a long time and by many successive 
efforts, has produced the important mountain chains of the 
eastern hemisphere ; at first the Alps, the Pyrenees, and the 
Carpathians, and ultimately the Caucasus, and the Hima- 
layan chain. It is, perhaps, something more than a mere 
vague hypothesis, to assume that these elevations acted first 
in the western and southern districts, producing the early 
deposits of the London, Hampshire, Brussels, and Paris 
Basins ; and that they afterwards became more violent, ele- 
vating the Wealden district in England, while at the same 
time, or a little later, they formed the granitic axis of the 
loftier mountain districts. 

These first deposits being formed, a tract of land was 
laid bare and became tenanted by large quadrupeds ; and 
after many changes and elevations, a continent arose, not, 
indeed, the same in all respects as that which we call Eu- 
rope, but exhibiting some of its chief physical features; and 
having a wider extension to the west, while the great val- 
leys were still beneath the sea. A period, perhaps, suc- 
ceeded this, when the land towards the north was mort 
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eompact and higher ; and then the great westerly districts 
which had long been at a^much higher level than they now 
are, sank down to a depth of many hundred feet, so that 
the western lands quite disappeared, and only a number of 
small islands were presented in the spot now occupied by 
Great Britain and Ireland. Huge icebergs, and mighty 
waves, the result of subterranean and submarine disturb* 
ances, or conveyed from colder seas by marine currents^ 
washed over many parts of our island, and of northern Eu- 
rope, then under water ; and thus the final surface of gravel 
was given. After this, one more great movement of eleva^ 
tion took place, mighty indeed, but slow, and acting by 
successive and repeated hitches, each of small amount, the 
efiect produced being chiefly on the northern and western 
districts, but affecting the whole coast irregularly, not only 
with regard to England and Scotland, but even throu^ 
Scandinavia up to the Arctic Circle. 

Throughout the changes which have acted to make Eng- 
land what it is, we see no evidence in any part of its long 
history which can render probable any sudden modifications 
either of the earth's crust, or of the animals and vegetables 
by which the land and sea have been peopled. There is, 
in other words, no evidence to show that the whole of 
created beings have been at any one time swept off from the 
earth by the action of laws imposed upon matter from the 
beginning. The natural and necessary action of these laws 
does not seem to involve any great and general catastrophe. 

Neither is there evidence of such interruption of the 
general system, as should at any one epoch have required 
a fresh creation of the whole series of organic beings. The 
ordinary method of succession of species, as of individuals, 
seems to have been during all time strictly adhered to, and 
this is a point of no slight interest and importance, since we 
can hardly otherwise comprehend any system, at least we 
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cannot understand any general harmony to have existed, 
exhibiting the uniform action of a wise and perfect plan* 
Nor can it be understood as a less noble or less striking 
proof of creative power, that in this great plan, according 
to which our globe was created, every thing should be fore* 
seen and provided against, that every thing should succeed 
in its time and place, that each organized being should per- 
form the task allotted to it, and retire when its work was 
done, having assisted to cany on, Without interruption 
and without interference, the great and uniform system. 
The perfect relation of each animal and vegetable to the 
time and place allotted to it is no less marked and certain 
than that admirable adaptation of every part in the mdivi- 
dual» which is known to be so necessary to its comfort and 
even its existence. The whole system is one, it is the re- 
sult of one mind, of one will, of one power. It is governed 
by a few simple laws, which no power but that which insti- 
tuted them can possibly interfere with, and which, so iar as 
we can judge, never have been interfered with. It is per- 
mitted to man to become acquainted by careful observation 
with some of the methods thus adopted, and the laws im- 
posed ; and the power being given, it is surely incumbent 
on him to employ it, humbly indeed, and cautiously, but 
earnestly and with an honest desire to discover truth, what- 
ever that truth may be, or however it may clash with his 
preconceived opinions. 
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AcAciA-LiKK trees of Sheppey, 260. 

Adams, Mr., bis account of a Mam- 
moth, 293. 

America (South,) Tertiary Geology 
of, 330. 

Ammonites (Liassic,) 142, 145. 

(Oolitic,) 187. 

Ancient epoch, 30. 

Animalcules, infusorial, 225. 

Anoploiherium^ 271. 

Aptocrinite, 2l2. 

Apteryx, 323. 

Asia, Tertiary Geology of, 312. 

AspidorhynckuSf 191. 

Astraa, 1U3. 

Aulopora, 43. 

Auricula, 280. 

Aurochs, Lithuanian, 302. 

Australia, Tertiary Geology of, 320. 

Azoic rocks, 35. 

Baciilaria, 226. 
BaculUe, 236. 
Bear of the Caverns, 297. 
Belemnite, 149, 188. 
Belleropkon, 102. 
Beryx, 238. 

Birds, fossil, of London Clay, 268. 
Btmrgueticrinus, 232. 
Bracbiopoda, account of, 51. 
Brussels, older tertiary beds of, 260, 
276. 

Calamite, 93. 
CalymeMf 48. 

Carboniferous period, 83, 110. 
Catenipora, 44. 
CaryocriniteBt 47. 
CaryocystiteB^ 47. 
Caverns, oesiferoasi 297. 



CephalaspiSf 74. 
Cephalopoda, account of, 51. 

(Silurian,) 54. 

(New Red Sandstone,) 124. 

(LiassicO 142. 

(Oolitic,) 187. 

(Cretaceous,) 234. 

Ceratite, 124. 

Cerithium, 261. 

Cervus (Megaceros) hibernieas, 303. 

Cetiosaurus, 192, 214. 

Chain coralf 44. 

Chalk, 221. 

Chelonichthys, 79. 

Chelydra, 281. 

ChiracanthuBf 80. 

Chirotkertum, foot.print of, 132. 

Cidaria (Oolitic,) 185. 

Cirrhopoda, account of, 50. 

Cirrus, 103. 

Clay slate, notice of, 33. 

Coal, 86. 

CoccosteuBj 78. 

ContM, 261, 280. 

CoprolUes, 172. 

Coralline, Sertularian, 42. 

Corals (Silurian.) 43, 44. 

(Oolitic,) 183. 

Corbula, 261. 

Creseis, 53. 

Cretaceous period, deposits of, 220. 

general condition of the sea 

durmg, 241. 
Crinoidal animals (Silurian,) 46. 

(New Red Sandstone,) 124. 

(Liassic,) 140. 

(Oolite,) 183, 

(Cretaceous,) 232. 

Crioeeratite, 235. 
Cri9teUariat 229. 
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Crostaceant, Oolitic, 185. 

London Clay, 261. 

Cryttalline rocks, ootice of, 31. 
Ctenoid scale, 70. 
Cycadee, 19.3. 
Ci^ideoidea, 194. 
Cycas^ recent, 194. 
CyclobatU^ 266. 
Cycloid scale, 70. 
CypreUa^ 99. 
Cyrtoceraa, 56. 
Cyatidea, 47. 

Dapedios, 154. 
Deer, fomil remains, of, 303. 
Devonian period, 63. 
Dieynodon^ 1 30. 

Didelphine animals of the Oolites, 
. 193,202. 
DifwmxB, 324. 
Dinoriktriumy 281. 
Dercetis, 239. 
Dodo, 325. 

Ear-bone of Whale, 305. 
Edentata, notice of, 337. 
Elephant or Mammoth, 288, 292. 

Indian extinct species, 318. 

Elk, Irish, 303. 

Encrinites, 47, 124, 140, 183, 232. 

Eocene or older Tertiary period, 

275. 
Epochs, tabular view of, 28. 

ancient, 30, 

middle, 121. 

modern, 255. 

Euomphalu8^ 103. 

Fallow deer, horn of, 303. 
Ferns, fossil, 91. 
Fishes* scales, 76. 
Fishes (Devonian,) 72. 

(New Red Sandstone,) 124. 

(Liassic,) 151. 

(Oolitic,) 191. 

(Cretaceous,) 236. 

(Tertiary,) 262. 

Fishes' tails, homooercal and hetero* 

cereal, 117. 
Flint, formation of, 222. 

fossils of, 223. 

Flora (Carboniferous,) 9L 

(Oolitic,) 193, 216. 

(TerUary,) 258. 



FoU-prinU, fofsil, 127, 132. 
Foraminifera, general account oT^ 
229. 

of the older Tertiaries, 261. 

GaiWoneUa, 226. 

Ganoid scale, 71, 72. 

Ganoid fishes (London Clay,) 267. 

Grasteropoda, account of, 50. 

Gauft, 221. 

Glyptodon, 353. 

Glypiolepi*, 80. 

Gneiss, notice of its formation, 33. 

Chmphone$na, 226. 

Gwitaiitei, 103. 

Granite, account of^ 31. 

Graptolite$, 42. 

Gravel, fossils of, 291. 

origin of» 306. 

Greensand, 221. 
GuUulina, 229. 

Hamite, 236. 
Hermit Crab, 232. 
Heterocercal tail offish, 117. 
Hightea, 258. 
Hippurite, 233. 
Holoptychius, 81, 105. 
Homalonotus, 49. 
Homooercal tail offish, 117. 
HyaBnas, number of, in caverns in 

England, 300. 
Hyledosaurus, 208. 

Ichthyodorulitea, 107, 152. 
lehthyosaurua, 162, 173, 178. 
Igneous rocks, notice of, 30. 
J^uanodorif 205. 
India, Geology of, 3 12. 
Infusorial Animalcules, 225, 226. 
Inoceramua, 234. 
Insects (Lias and Oolitic,) 186. 

Kirkdale Cavern, contents of, 298. 

Labyrinthodon, 133. 
Lebanon, fossil fishes of, 261. 
Lepidodendron^ 94. 
Lepidosteus, scale of, 71. 
LepidotuB, 155, 191. 
Lias, account of, 139. 
Lily Encrinite, 124. 
Loudon Clay, 259. 
Lophiodon, 271. 
Lower Greensand, 221. 
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ikcetiia, 361* 

Maehairodus, 302. 
Macrauchenia, 336. 
Maeropoma, 337. 
Magnesian Limeatone, 110. 
Mammoth buried in polar ice, 5293, 
Af arsupial animala, aooount of, 204, 

337. 
Marsapite, 231. 
MaHodan, 285. 
Mechanical rocka, noii.focBiUferoiif, 

33. 
Megaeeroa hibermetu, 303. 
Megaehirus, 185. 
MegalichthyB, 105, 106. 
Megalodon^ 70. 
MegBlonyXf 348. 
Megalosfjurus, 194, 216. 
Megatherittm, 339. 
Metamorphic rocks, acoonnt ot, 33. 
Middle epoch, 121. 
Millstone Grit, 85. 
Mimo8iie8f 259. 
Miocene or middle tertiary period, 

279. 
Mitra, 280. 
Modern epoch, 255. 
Mollttsca, divisions of, 50. 
Monte Bolca. fossil fishes oC; 262. 
MosaeauruSy 239. 
Murckisonia, 102. 
Mylodon, 347. 

Naatilus, general account, 54. 

(Liassic,) 14^. 

Navicuta, 226. 
Neocomian, 221. 
Neurof4eri$, 92. 
New Red Sandstone, 12L 
New Zealand, birds of, 324. 
Nipad tee, 259. 
Nodosaria, 221. 
Nothosaurus, 157. 
NummtUitee, 261. 

Od4intopteri$,9l. 
Old R d S»ndstone, 68. 
Oolitic period, 181. 
Opossums of the Oolites, 202. 
Ortkia, 53. 
Orthneeratite$, 56. 
Osroeroides, 70, 233. 
Ox, Irish, 303. 



Pachjreormas, 155, 
Pagurus, 232. 
Pa£e0<&ertttm,271. 

Pampas, account of, 331. 

Paris Basin, characteristic fimilt 

of, 269. 
Pecopteris, 91. 
Pecten, 280. 
Pentaerinite, 141, 175. 
PentameruB, 53. 
Perch, scale of, 70. 
Peroids, Geoluorical, tabular fiew of, 

28. 
Permian beds, 110. 
PlacoduSf jaw and teeth, 126. 
Placoid scale, 71, 72. 
PleaiosauruB, 157, 178. 
Plicatula (Cretaceous,) 233. 
Pliocene or newer tertiary period, 

289. 
Pliosaurus, 192, 220. 
Polypothecia, 225. 
Polyps, account of, 43. 
Poljrptychodon, 23J. 
Productus, 101. 
Pterichthys, 76. 
Pterodactyl; 198, 216. 
Pteropoda, account of, 50.^ 
(Silurian,) 53. 

Rays, fossil, (tiias,) 71, 155. 

(Tertiary) from Lebanon, 266. 

Reptiles (New Red Sandstone,) 126. 

(Lias,) 156. 

(Oolitic,) 191. 

(CreUceoufl,) 239. 

(London Clay,) 267. 

Rhine Valley, deposits and fossils of, 

280. 
Rhinoceros, extinct, found in polar 

gravel, 296. 
RynchosauruSf 129* 
Rosalina, 229. 

Salamander, gigantic, 280. 
Salmon family represented in the 

London Clay, 264. 
Sandstone, old red, 69. 

new red, 121. 

Sauroid fishes, 104, 155, 190, 237. 
Scaphite, 235. 
Sceltdoiheriotn, 348. 
Seiienunu, 264. 
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Secondary lejriee, general conaidera- 

lions on, 245. 
Sedimeotary rockt, non-fbaBiliferoot, 

33. 
Serpent, foMil, of London Qay, 268. 
Sertnlarian Coralline, 43. 
Sewalik foMiIs, 315. 
Sharks (Carboniferous,) 107. 

(New Red Sandstone,) 126. 

— (Liassic,) 155. 

(Oolitic,) 191. 

(Cretaceous,) 23a 

(London Clay,) 267. 

Sheppey, fruits and other fosails 

found at, 259, 
SiderolifUi, 229. 

Silurian period, 37. 

Silurian seas, general condition, 57. 

Siphuncle of Ammonite, 147. 

Sivaiherium, 317. 

Sloth, gigantic extinct species allied 

to, 33d. 
Spheronites, 48. 
epharulite, 233. 
t^enopteria, 92. 
Spiculi of sponges, 224. 
Spinaoorhinns, 70, 155. 
S^rifer^ 101. 
Sponges, fossil, 224. 
StarJUk (Chalk,) 231. 
Stigmaria, 95. 
Stonesfield Slate, 192. 
Succession, nature of, in Natural 

History, 65. 

Tails of fishes, 117. 
Tapir, account ot', 270. 
Teleosaorus, 214. 
TerebratuU (Carboniferous,) 102. 
(Ooliiic,) 186. 



(Cretaceous.) 233. 

Tertiary period, 255. 

early condition, 275. 

middle period, 279. 

newer period, 289. 

conclusion o^ in England, 306. 

Tetragonolepis, 154. 

Thickness of the non-fossiliferoos 

rocks, 34. 
Tiger, fossil, of England, 301. 
Tomatella (Creteceoos,) 234. 
Tortoise, frcsh-water, from (Eningen, 

281. 

gigantic, of India, 316. 

Toxodon, 333. 

Tree f^rns, 95. 

Trigonia, (Cretaceous,) 233. 

IVilobites (Silurian,) 48. 

TrinucUui, 48. 

Tunicata, account of^ 50. 

Turrilite, 236. 

T\trritella, 297. 

I\irtle8 (Cretaceous,) 240. 

(Tertiary,) 267. 

C'rf us BpeUetu, 299. 
Urutf, 3U2. 

Venui, 280. 

Vulture, fossil, (London Clay,) 26a 

Wealden deposit, 205, 219. 
Whale's ear-bone^ 305. 
Wood, fossil, (Lias,) 140. 

Xanihidium^ 226. 
Xiphodm, 273. 

Zamia-like plants in New Red 
Sandstone, 135. 
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THE ENCYCLOPJiDIA AMERICANA: 

A POPULAR. DICTIONARY 

OF ARTS, SCIENCES, LITERATURE, HISTORY, POLITICS 
AND BIOGRAPHY. 

IN FOORTEEN LAHGIS OCTAYO YOLUMES OF OYER SEC HUNDRED DOUBLS ' 
COLUMNED PAGES EACH. 

For lale very low, in various styles of binding, 

Darinir the long oeriod which thii work has been before the piiblic> tt 
has attained a rery high character as an 

ENCYCLOP^DU FOR DAILY REFERENCE» 

Containins, in a comparatiTely moderate space, a Yast quantity of informa- 
tion which is scarcely to be met with elsewhere, and of the exact kind 
which is wanted in the daily exigencies of conversation and reading. It 
has also a recommendation shared oy no other work of the kind now b^rs 
the public, in beinff an American book. The numerous American Biogra- 

fhies, Accounts ofAmerican Inventions and Discoveries, References to our 
Political Institutions, and the eeneral adaptation of the whole to our own 
- peculiar habits and modes of thought, peculiarly suit it to readers in this 
country. From these causes, it is also especially fitted for all 

DISTRICT SCHOOL AND OTHER PUMLIC LIBRARIES, 

in some of which it 'has been tried with great satisfaction* It fulfils, to A 
greater extent than perhaps any similar work, the requirements for these 
institutions, presenting, in a small compass and price, the materials of a 
library, and lumishing a book for eveij-day use and reference, indispensable 
to those removed from the large public collections. 

Some years having elapsed since the original thirteen Yolumes of the 
ENCYCfLOP^DIA AMERICANA were published, to bring it up to 
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paper, at seventy-five cents each ; or one voIium, extra doth. 

Thia work eontaina mooh aeenet and anwMfag anecdolt of Iho preminaiit petaensiai ef Ihi 4m» 
uriiidi f i w d ila peathnmona pnblieatioa naeemair. 
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STANDARD LIBRARY CONTjUVUED. 

PROFESSOR RANKE'S HISTORICAL WORKS. 
RANKE'S POPES. 

Bktorf of the Popes, their Chorch and State, daring the Sixteenth and Seren- 
teenth Centnnes. by Leopold Ranke. Translated from the last edition of the 
Oerman. by Walter K. Kelly, Esq. In two parta , paper, at $1.00 each ; or one 
lane volurae, extra cloth. 

Thia idttion haa tranaiationa of alT the Notea and Appendieet. 



RANKE'S TURKISH AND SPANISH EMPIRES* 

The Tvrkiah and Spanish Empires, in the Sixteenth Centnry, and beginning 
of the Seventeenth, by Leopold Ranke. Translated from the fast edition of the 
German, by Walter iC. Kelly, £sq. Complete in one part, paper ; price 75 eenta. 

** BoveicigM mod Nntiom of Sootbwii Bnrope, io Um Sixteenth and Serenteentfa OentwiM»'* 
iflto title eon w ae n to IUiike> foor vohunee, oTwhieli onjjr iIm tbree laet coiMt^nie 4be weltknown 
"HHtorj of die Popee.**^ The tirit to here produced af a lepanile work, wiib two tiUee, tliat it 
■Mf be either boood np with the other, or need aeporateljr. 



V^^^MMA^M/w^^^/^A/v«/^M/^/^AA'^M'V^AA^ 



RANKE'S REFORMATION. 

HistoTT of the Reformation in Germany ; by Professor Leopold Ranke. Parts 
First ana Second, now ready, price 25 cents each. Translated from the second 
edition, by Sarah Austin. To be completed in aboot five parts, each part eon- 
taininjgf one volume of the London edition. 

Thta will conclude the valuable series of Frofesscur Ranke*s Historical worka. 



BROWNING'S HUGUENOTS. 

A History of the Hngsenots, a new edition, continued to the present time, by 
W. S. BrowniniF. 
'Vka ohiMf of tifiwetfc fe to (ivea deerdetaH of the tnmUei tenerally eailed tfw MKe 
Wan ^T^me*, pmwntina the whole conneetedljr, and divested of all theolocieal ductieiton. 



WALPOLE'S GEORGE THE THIRD. 

Memdrs of the Reign of King George the Third, by Horace Walpole. Now 
first published from the ong^al MS. Edited, with Notes, by Sir Denis Le 
Merchant. 

Th«w Memoiie c o ni p i be the lint twehre yflan of the reltii of George 111. ; and 




THE GREAT NATIONAL WORK AT TWO DOLLARS A VOLUME, IN CLOTH. 
LEA & BLANCHA.RD ARE NOW ISSUING 

CAPTAIN WUKES' NAREATIYE OP THE 

UNITED STATES EXPLORING EXPEDITION, 

IN FIVE OCTAVO VOLUMES. 

Containing nearly Tbree Hundred Wood-cuts, Eleven Maps, and nearly 
Twenty-nz Hundred Pages of Iietter-prees. 

Hie teit end type of this Edition are predieir the lame ai that in imperial octa^, the diHtoeMe 
eaMMas in the wie and qaalitr of the paper ; the omieriop of the sixtj-foor ateel platee; Ike a«l^ 
etitotioo of wood-cuti for the forty-seTen viicDottea ; aod the nae of eleven of the fourteen hum 
fpor of which are on a reduced acale. The whole work wilt be in five oetavo TOlunei^ elefaiMy 
dew wp in etoch. for the verr low price of Tea Dollara. 
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THE EXPLOBINa EXPEDITION. 
LEA AND BLANCHARD, 

PHILADELPHIA: 

HATB lOflT rvBiitacB, 

THE NARRATIVE OP THE 

UNITED STATES 

EXPLORING EXPEDITION, 

during the tears 

1838, 1839, 1840, 1841, and 1842. 

BY CHARLES WILKES, U.S.N. 

COMMANDEE OF THS SXPEDITION, STC. STC 

IN FIVE 1IA6NMCENT LABGS DIFEBIAL OCTAYO YOLUKES; 
WITH AN ATLAS OF LARGE AND EXTENDED MAPS. 

Pdoe Twemty-llTe Dollars to Svlitcriben, dose vp te 
beautifsl Extra Uoth BUMog. 



This truly great and natioiia! work ia isaaed in a atyla of Mparior mffn'fiftmif 
and beauty, containing 

ntm^4FOXJB, ZiARGB AHD FUnSHBD tSMK VM€fBULVtttQ9f 
BMBRAciNO acimERT, roaTnAiTi, KAMinntai ooaraiia, sia Xfa 

r0fiT7-8E7EN EIQUISITE STEEL TIGNETTES, 

WOBKKD AHOITG TBI LSTTSB-rBBsa ; ABOUT 

TWO HUNDRED AND Rf TY FINELY-EXEGUTED WOOD-CUT ILLUSTRATKMI 
rOVKTEEN LAAGE AND SMALL MAPS AND CHARTS; 

ABD BBABLT 

T^nromr-ssK KomBEo paoss or zATTEft^vKcra. 

No pttM or oxpcoM bara been sparad to randor tboM Tolnmei wortby of tko tbcrot thef fllat 
mte. u4 to Bftko thorn equal, if not miperior, to anyihiof of the kind otm produoed ia aaf 
OMtttvf. Tho wliolo work may be regarded as a tnifar natioaal one. NoChiaabas beaa Oiod fei 
He pieyaratioa ibat ii aot STRICTLY AMERICAN, and Um deiiffa of Cho Author and Pah* 
IMwie bat beaa to prodoea a book worthy of the eoootiy. 

A •peeimea of tbe Piataa, Cuia. and leoeral eaecation of the woik eaa be faen, and the ni— e 
of the penone waotioff eopiea auy be left with the PuUiebin, or aor <»f the prfawipal Book- 
•ellera throuffbout tbe Union. 

%*The pD b l iriiei » hai>afi>faalaibrBi«tyPoliam>hicioth.afcireoplatofthaa dHhi ahilBtia 
Qnarto, priated Ibr diMramtion by the order of Goncraa. Oa(r oat haadwd aad tmm9%m 
of the two hoodred and «Ar priaiid bava beaa oilbrad to the pabito. 
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LEA AND BLANCHARP*fi PUBLICATIOKS, 

STMCKIAND'S QUEEN S OF ENGLAND. 

A NEW AND ELEGANT EDITION 

or 

LIVES OF THE QUEENS OF ENGLAND. 

FROM THE NORMAN CONQUEST; 

WTTK AAECDOTfS OF THEIR COURTS, NOW FIRST PUBLISHED FROM OFnCU|» 

RECORDS AND OTHER AUTHENTIC DOCUMENTS, FRIYATB AS WELL AS PUBUa 

VBW BPITION, WITH ADDITIONS AND COBBECTI02I8. 

BT AOVES STRIOKLAVD. 



• IwuMlwi B i e ten— in ctowb octovo, boutifldfy printed with kzi« tjrptaailM p^wr,4<m» 
up in lick atim cnfuaon cloth, and soiil nt a chMper rate tiua Sanun editiiina 

Volume One, of nearly seven handred \aijge pages, containing Volames 
One, Two» and Three, of the duodecimo edition, awl Volume Two, of more 
than six hundred paffes, containing Volumes Four and Five of the 12mo.r 
have just been issued. The remainder will follow rapidly, two volumes in 
one, and the whole will form. an elegant set of one of the most popular his* 
tories of the day. The publishers have gone to much expense in pre- 
paring this from the revised and improved London edition, to meet the fre- 
quent inquiries for the '* Lives of the Queens of England," in better style, 

eadem 



er type, and finer paper than has heretofore been accessible to rea 
' I eomtry. Any volume of this edition sold separately. 

A few copies still on hand of the Duodecimo Edition. Ten volumes are 
now ready. Vo|. I.— Contains Matilda of Flanders, Matilda of Scotland, 
Adelicia of Louvaine, Matilda of Bouloffne, and Eleanor of Aouitaine. 
Price 50 cents^ in fancy paper. Vol. n.---Berengaria of Navarre, Isabella 
of Angouleme, Eleanor of Provence, Eleanor of Castile, Marguerite of 
France, Isabella of France, Philippa of Hainault, and Anne of Bohemia. 
Price 50 cents. Vol. III. — ^Isabella of Valois, Joanna of Navarre, Katha- 
rine of Valois, Margaret of Anjou, Elizabeth Woodville, and Ann of Waj> 
iiUkk, Price 50 cents. Vol. IV. — Elizabeth of York, Katharine of Arragoir, 
Anne Boleyn, Jane Seymour, Anne of Cleves, and Katharine Howard. 
Price 65 cents* Vol. V. — ^Katharine Parr and Queen Mary. Price 65 cents. 
Vol. VI.— Queen Elizabeth. Price 65 cents. Vol. VII.— Queen Elizabeth 
(continued), and Amie of Denmark. Prne 65 cento. Vol. VI JI. — Henrietta 
Maria and Catharine of Braganza. Price 65 cents. Vol. IX. — Mary of 
Modena. Price 75 cents. Vol. X. — Mary of Modena (coDtinue4)t and 
Mary II. Price 75 cents. 

Any volume aoM separately, or the whole to match in neat green cloth. 

: jusrr published 

VOXiiriMCB TBzr: 

ooNTAiiruce 

MARY OF MODENA, AND MARY II. 

. Price 75 cents in fancy paper.— Also, in extra |rreen cloth* 

** These Tolmnea have the faadnatioa of a romance united to the mtegritr of tustoxy."— Tlaiei: 
"'A moit Taloable and entertaininf work."— Cikromcte. 

* **This interwtm; and well-written work, in which the terere truth of histonr takes almost the 
^Mn sas of ronanoe, win coMtitute a valuable additioa to our biographical hterature."— JUbnitiv 

** A Taloable contribution to historical knowledge, to jonag persons espeeiallf. It eeotains a 
mass of erenr kind of historical matter of interest, which industry and research could colleoC; We 
atYe deriTed much entertainment and instruction from the work."— ^ftoioim. 
- "The exeentien of this work is equal to the conception. Oteet pains hsTe been taken to make 
it both hiterestins and ndnable."— JUtormy Otuette. 
, M A ftotaaiaf wesk-^Mlef i^r^i■■^, at eaoe esnoas an« ptomfay.*— Msasfser OutttL 

that we Imow of no BMmMpalnable coBtribution to medem Sitaiy Uiaa tbis aiaKh TFotame ef "' 
Sindcland's lires of ths Queens.*^— ?*—*-- »«— «* * 
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LEA AND BLANCHARD'3 PUBLICATIONS. 

CAMPBELL'S LORD CHANCELLOfiS. 

JUST PUBLISHED. 



LIVES OF THE LORD CHANCELLORS AND KEEPERS OF THE 
GREAT SEAL OF ENGLAND, 

FROM THB EARLIEST TIMES TO THE REION dF KHIO GEORGE IT.^ 

BY JOHN LORD CAMPBELL, A.M^F.R^.E. 

First Series, forming three neat volumes in demy octavo, extra cloth. 

Bringing the work to the time of Lord Juries, 

THE SECOND SERIES WILL SHORTLY FOLLOW IN FOUR VOLVXBS TO MATCH. 

** It is tafficient for ns to thank Lord Campbell for the honeat indoatrsr with MthkA ha ha* thus fid: 
p ro aa cot ad hia laiga task, tha genaral candor «sd liberalitj with whidi ha haa analyzed the liraa 
and duuvctara of a lon^ aoooettion of influential magiatratea and mimat«Ta, and the manly atyle 
«f hia namtiva. We need hardly aay that we shall expect with great interest the continnation 
ef this perfonnaaee. Bat the present aeries of itself is more than sufScieat to give Lord Campbell 
« hiflb station among the English authors of his age.**— Qtioito-^ Review. 

" The volumes teem with exciting meidents, abound in portraita, aketches and aneodotes, and art 
at onr4» interestiDg and instrootive. The work is not only historical and biographical, but it ia 
anecdotal and philosophical. Many of the chapters embody thrilling incidents, wJdle as a whole, 
the pablicati(m may be legarded aa of a high intellectual ardvt.^—Inqtdfer. 
■' **A woric in three handsome octAvo vohimes, which we shall regard as both an ornament and aa. 
honor to our libraiy* A HisUny of the Lord Chancellors of England from the institution of tba 
oflloe, is necessarily a History of the Constitution, the Court, and the Jurisprudence of the King^ 
dom, and these volumes teem with a world of collateral matter of the liveliest duuracter for the 
general reader, as well as with much of the deepest interest for the professional or philoac^hioal 
vainA."— Saturday Courier. 

*' The bhiliant success of this work in England is by no means greater than ita mcnUs; It is 
oertaiuly the most brilliant contribution to English history made within our recoUeotion ; it haa 
the charm and freedom of Biography combioed with the elaborate and careftil oonqirafaeBstraBasa 
of Hi8tory."-iV; Y. Trilmne, 



^^AAi^^^^^i^^^S^^^^^^^^^^^^Arf^^^^^W^WKA^SA 



MURRAY'S ENCYCLOPJIDIA OF GEOGRAPHY. 



THE ENCYCLOPyf DIA OF GEOGRAPHY, 

COMPBISinO 

A COMPLETE DESCRIPTION OF THE EARTH. PHYSICAL, 
STATISTICAL, CIVIL AND POLITICAL. 

KXHIBITI50 

ITS RELATION TO THE HEAVENLY BODIES, ITS PHYSICAL STRUCTURE, THB 

NATURAL HISTORY OF EACH COUNTRY. AND TfflS INDUSTRY, 

COMMERCE, POLITICAL INSTITUTIONS, AND CIVIL 

AND SOCUL STATE OF ALL NATIONS. 

BY HUGH MURRAY, F.R.S.E., &o. 

Assisted in Botany, by Professor HOOKER-Zoology, &c., by W. W. SWAINSON— Astnnumur, dee., 

by ftofessor WALLACE-Geology, &c., by Professor JAMESON. 

RBVISBO, IVITH ADDITIONS, 

BY THOMAS G. BRADFORD. 

THE WHOLE BROUGHT UP, BY A SUPPLEMENT, TO 184X 
In three large octavo volumee. 

VARIOUS STYLES OF BINDING. 

This great work, furnished at a remarkably cheap rate, contains about 
Nineteen Hundred large imperial Pages, and is illustrated by Eiohty- 
Two SMALL Mafs, and a colored Maf of the United States, after Tan- 
ner's, together with abont Eleven Hundred Wood Ctrrs executed in the 
best atyle. 
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PU6LISHCD B7 LEA AND BLANCHAED. 



aiBORNE'S WATERLOO CAMPAIGNS; 

WITH MAPS AND PLANS. 

Hiftory of tlw War in PranM end Btlflom in 1815; eonUlninf miiiiita dtUili of Ika 
Batttot of auatre-BrM, Ugny, Wavre. aiul Wi^terloo. By C^rrAUi W. CMosn. la 
•M ocUvo volume, wUb Mapo aad PUm of Batttao, ike^ via : 

I. Part of BHffioBi. iodieatiat tlw datrUmtHM of tkf amiai oa BWiMKiliig hy U llHi ii. 
1 Piald of Qoaifo-Braa, at 8 o*eloek. P. It. 

3. Fiddof Q«atii»-BiM^a|7o*cloek,P.ll. 

4. ¥VM of LifB7. at a quartor paat 9 o*eloek, P. M. 

5. Fieldof Ligay, athalf paift 8 o'doek. P. M. 

& FMd of W«torloo.«t aqontocptA 11 o'Uodt. A.1f. 
?. TiM of Waterloo, a| a qaartor haforo 8 o'doek* P. M. 
a Field of Waterloo, at 5 minutes peat 8 o'elod^ P. M 
in Field of Wavra. at 4 o'ehidt, P. H., ISth June. 
10. Field of Wavro, at 4 o'dodi. A. M.. iMi Jniw. 

II. Part of Franee, oo wbieb la ihown iho adraoeaof the Allied Aimim iaie tbe Kkipiemi 

** Thif oOeer** aoquiraaeote in a aeieati8e braneh of hii proAarien. of vUeh he iMi fivea ov^ 
dooee in bia modela of the ffoond of Walerloo. entitle hit viewe of that eoiAlet to moeh bifh« 
oeoaderation than thoee of Mr. Alliaen. With traat mpeet for hii seal and hooaitr. and admH- 
tioff that profeMf onal knowledge hae anved him from the pteanmptoone Unndnn wUoh diiflcwn 
lb. AUiMB'i ehapien on Waterloo."— Qnarlcriy JUmm for Jmtt, 18IS. 



RUSH'S COURT OF LONDON. 

Mnnonindn of a Eeeidence at tlin Court of London, comprfdaf Ineidnnta Ofllelal aad 
Peraonal, from 1819 to 1BS9; includinc Negotiationi on the Oregon dueation, and other 
Unaettled Relations between the United States and Great Britain ; by EicBAan BnaM, 
Envoy Ejrtraordioary and Minister Plenipotentiary firom the United Statea llron IS17 
to 1898. In one large and beautiflil octavo volume, extra cloth. 

In 1893, twdve years ago, the fnt series of these entertaining and interesting memoranda ap- 
peered ; and eomiog irom inch a source, were so fkvorably received that we have kma wondeied 
at the absthMoee wMeh had prevented their being more rapidly followed oat. Both for their po- 
litical and seeial aMtter, they belong to a daas of reading which it is verr desirable to Cultivato. 
In the eomplenon of his mind the author is so modemte and just that his hitemational statementa 
am worthy of perfect credit ; whHe the position be oceupiad gave him sncb opportunities of mix- 
big with the best inforuMd portions of eoeiety, that his dosoriptiene and aneedotea of them are of 
a meat agieeable kmd«*-X.MHiM LOtrmnt Omutu* 



MACKINTOSH'S PHILOSOPHY. 

Pissertatiort on the Pmfrreea of Ethical Thiloeophy, by Sir jAMse MAcnirrosB ; with 
a Prefbee, by the Rav. William WaawBLb, M .A. From the aeeond Edtaborgh edition ; 
la one neat ocuvo volume. 



HUMAN ns AltTH I or the Iitfloenee of AtmoepheM and Locality, Chanfe of Air 
and Climate. Seasons, Food, Clothiug, Bathing. Mineral Springe, Exerdse, Sleep, Cor- 
poreal and Mental Pursuits, dec dtc., on Healthy Men, constituting Elemeote of Hy- 
giene. By Robley Dunglison, M. D., ibc fcc. In one octavo volume. 

BVERT MAlf HIS OVfTBf FARRIBRt containing the Causes, Bymptoma, 
and Methods of Cure of the Diseates of Horses, by Francis Clater and John Clater. 
From the SSth London edition. By J. 8. Skinner ; in one ISmo. volume. 

THB DOO AKD THB SPORTSMAN t embracing the Uses. Breeding, Train- 
ine. Diseases, Jbc &c., of Dog; An account of the Diluent Kinds of Game, with 
their Hfibite; alao. Hints to Shooters, whh varioua ueefol Recipee : by J. & Skinner. 
In one neat 12mo. volume, with Engravings. 

RHMARRS ON THH INFLVBNCE OP MKNVAI. HXCITBMBNT^ 
nnd Menial CnltiTaUon upon Healtl^t by A. Bri|ham. M.D. Third edi- 

tion ; one volume, 18mo. 

RBSf^IOTO MHDICI, AND ITfll SBaUBIi, CHRISTIAN MORAI«Sf 

fi;- Sir Thomas Browne, Kt.^ with it«a«nbi»ot PtaiagM ikoai Co«per*t Tiak. la OM 
ii»at 13mo. voluma. 
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AT 



'BVTT-rxva oavTs psa vo&irxB. 



LEA &BLANCHARD 

BATE OOKHKNCED THI RB-IS8VE, IN A PEftlODICAL lORV, OF 
OF 

J. FENIMORE COOPER 

KMBBACIMO 

WING-AND-WING, 



THE SPY, 

THE PILOT, , 

THE WATER-WITCH, 

LIONEL LINCOLN, 

HEIDENMAUER, 

THE PATHFIJfDER, 

PRECAUTION, 

THE WISH-TON-WISH, 

HOMEWARD BOUND, 

MERCEDES OP CASTILE, 



THE PIONEERS, 

THE RED ROVER, 

THE TWO ADMIRALS, 

THE PRAIRIE, 

THE HEADSMAN, 

THE DEERSLAYER, 

THE BRAVO, 

THE LAST OF tri MOHICANS, 

HOME AS FOUND, 

THE MONIKINS, 



AND THE TRAVELLING BACHELOR, 
In dU» twenty-two different Works^ or forty-fowr vclume§w 



This edition will be well printed, on good paper and with legtbla 
type, and in a form suitable for convenient reading, and done up in 
a coloured wrapper. As they will all correspond in size, the set 
can be bound to match, and will form a beautiful series after it is 
complete. 

A work in two volumes, will be issued every week until the series 
b complete. 

As it will be issued periodically, copies can be sent by mail, at a 
postage of li cent per sheet for 100 miles or less, and at 2i cents 
for over 100 miles. 

Persons remitting Five dollars free of postage, in money current 
in this city, can have eleven Novels in the order they may be issued. 

Other works, in a cheap form for extensive circulation, such as 
Box, Fielding, Smollett, &c will follow. 

PmMpkia, December, 1842. 



J 
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NOW PUBLISH I NG, 



THE 



COMPLETE WORKS 

OF 

CHARLES DICKENS, 

(ROZ.) 
CONTAININQ 

OLIVER TWIST; 

Price 25 cents^ 

NICHOLAS nickleby; 

Double Number '^ Price 50 cents. 

THE CURIOSITY SHOP 

WITH WOOD CUTS; 
Double JSTumber — Price 50 ceiits. 

THE PICKWICK PAPERS; 
Double Number — Prioe 50 cenU. 

SKETCHES OF EVERY-DAY LIFE? 

Pru^ 37 J cejiU. 

AND 

BARNABY RUDGE, 

WITH WOOD CUTS; 
Double Number — Price 50 cents. 

TmS BDITXON WILL BE WELL PRINTED IN A UNIFORM STYLE 
TO MATCH, AND SOLD AT THE TEKT LOW VVJlCB OF 

TWO SOUJillS AND FZFTT OBIVTS, 

WHEN THE WHOLE IS TAKEN AT ONE TIHB. 



PHILADELPHIA t 
LEA & BLANCHARD, 

', AUi B00SSSLLES8 AHD NI.W8 AOENTS IN THB UHITSD 8TATSS. 



1843. 
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-CHEAP EDITION OF tBMOLLETT.^fl TO- M 

WITH A MEMOIR OF M81IFE AN&^WRmNGS, BY «R WALTER SOOTT. 
cidifTAr'ifive 

THE ADVENTURES OF It(»)ERICK RANDOM; 

Price 25 cents. 

TfifE ADVENTimeS Cff* PERECAINE nCKLB} 

'Doid»]iB Namber -^. Pi^ice 50 eents. 
THE EXPEDITION OF HUMPHRY CLINKER; 
Price 35 cents. 

THE ADYI;NTURE» 61? FERDINAND COUNT 
TATHCHtf ; 'Price 25 cents. 

THE. ADVENTURjBS OF «JCft J^UNCm)T 
fcREAVES;— THE HISTORY AND ADI^N- 
TURES OF AN ATOM, AND SELECT POEMS; 
In one part; IVice 85 6aa1s. 

Tie wftab !• h* minted in a intUitrm %Ie t* maUk, mid mM A» hut part 
triU hegiten lUk'Pciu owl Ziitlf «/ Ceataatfi'tUt'tt* tmk mag he 



Himie watmv m ufe mo ffmriiii^.vT sn^fmiTER soon. 

Am AM tma <m ns un\tso eBtwi, in MTBmi unrar. la^ 
eoRTAiiciita 

TOM JONES, OK THE HISTORY OF A FOUND- 
LING; Double Number — Price 60 cents. 

THE ADVENTURES OF JOSEPH ANDREI^ 
AND HIS FRIEND MR. ABRAHAM ADMiB; 
Priee 25 ceiits. 

AMELIA; Price 25 c^nts. 

THE LIFE OF JONATHAN WILD« WITH THE 

MFE OF FIELDING, ESSAY ON HIS GENIUS, 

fte.; In 6ne Put; Priee 35 cents. 

'iUMiUuUprinUdinawrifitmeti/UtamMitMdwflk'iktl^ 






tt 



FHIJLA0KX.PHYA: 

XiSA 4r BLANCHARD, 

~idA 'ttft^^MMBLUftt AMD Hxinr AMorai ur tim vwuaa^ 

~CHEAP EDITION OF FIELDING.— 91 25. 
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A NEW WORK FOR SCHOOLS* 



WHITE'S UNIVERSAL HISTORY. 



LEA AND BLANCHARD 

HAVE LATELY PUBLISHED. 

BIBMBNTS OF DNimSAlWniRY, 

ON A NEW AND SYSTEMATIC PLAN; 

VROM 
*ffKB BABUBSSV IPUOM VO VBOB TRBATT OF VIJAflJiAt 

TO WHICH IS ADDXPf 

A SUMUABT OF THE LEADING EVENTS SINCE THAT PERIOD , 

yOETBS 

D8K OF 8CH00L8 AND FRIYATI BTUDINTS. 
BY H. WHITE, B.A., 

TBonxr ooLuot, ounmiKn; 
WITH ADDITIONS AND aUESTIONS; 

BY JOHN S. HART, A.M., 

nuorcff A& or tsb rEOA^MLTwu, bws 8ohooi» Aino TsomfOft or anxujb 

Ain> MENTAL 8CISKCS, ETC., XT& 

Id one Volume, large Duodecimo, neatly bound in Maroon*. 



^^^^^^A^^^X^^»W»^^»»^MM»^<M^^^^^*»^»»» 



Tli0 Pnblithen, in presenting *' WhUeU UnhenaZ Sittory** to the pabUe, 
beKere that it is calculated to fill a deficiency, long existing in school-books, of a 
good and aaaoennlo condensed manual of the History of the World, fitted as an 
essentially appnqiriate work for schools. Some of those now in nse have been 
long before the public, and since their appearance, many interesting iuTestigatioiis 
hare been made, and important facts deyeloped ; some are meagre in their details, 
and the narrations given are proved by later researches to be incorrect ; while none 
embrace a broad and philosophical view of the gatherings of late historians. 

It is believed that the present volume is datable of fulfilling these indications. 
The Author, who has had great ezpetienoe as a teacher of history, haa spent 
several years in the compontion of the work ; and every efibrt has been made to 
insure its accuracy dqring its passage through the press. In his Preftoe, he re- 
marks that " he has consulted the best works in the English language, and 
aduiowledges his great obligations to seversl of the more recent French and Ger- 
man writora. The references introduced in the body of the work, serve to mdicato 
the main sources firam wUch his information has been derived ; and it is hoped 
they wittako be serviceable to the student, by direetmg the coarse of Us-fiulhir 
re s s a re h se, as well as indudni^ him to continue them in a more extended field.'* 
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WORKS FOR 
0CISOO&S, OOKXSOSSp 4iC. 



A NSW BDinOir OF 

ARNOTPS BliElHEIfTS <|F FHTSICS^ OR.lf ATURAX FED. 
IX)SOPHY,GJBN£R4X AND MEDICAL. Written for imiy^iwl 
HBO, in plain, or non-technical language. Complete in 1 vol. Revised 
and corrected frcm the last English edition, with additions, by Isaac 
Hays, M. D. A work used extensively in various seminaries. 

HERSCHEI^ AflTRONmnr, a new edition, with a pralace, aiid « 

Series of Questions for the examination of Students, with Engravings, 
by S. C. Walker, in 1 vol., 12mo. 

BREWSrrCiR'S OFTIC89 a new edition, with an appendix, and namerons 
eats, by Professor Bache, in 1 vol., 12mo. 

BtrriaER^ ATXAS OF ANCIENT GEOGRAFHY^ eooustiiig oi 
81 coloured maps, with a complete accentuated index. 

BUTLER'S GEOGRAFHIA CLASSICA, or ;aie Application of 
Andem Geogi^hy to the Classics ; 4th American edition) with Ques- 
tions, 1 voL 



Bolmar^s French Series. 

JX91W editions of the Mowing works, by A. Bolmar, formmg iii connec- 
tion with " Bolmar's Levizac," a complete series for the acquisition of the 
French language. 

A SELECTION OF ONE HUNDRED FERRDra FABLES, 

accompanied by a Key, containing the text, a literal and free translsp 
tion, arranged in such a manner as to point out the di fl ersnoe between 
the French ard English idiom, &c., m 1 vol., 12mo. 

A COLLECtlCjM OF COLLOC^UIAL FHRASB9, on every topic 
necessary to inBntain conversation, arranged under different heads with 
numerous Temarks on the peculiar pronunciation and uses of various 
words ; the whole so disposed as considerably to fiicilitate the acquisi- 
tion of a correct pronunciation of the French, 1 voL, 18mo. 

LBS ATENTURES DE TBhEMAHVB FAR FENELON, in 1 

voL, 12mo., accompanied by a Key to the first eight books, in 1 vol., 
12mo., containing like the Fables, the text, a literal and free translation, 
intended as a sequel to the Fables. Either volume sold separately. 

ALL THE FRENCH VERBS, both, regular and irregular, in a small 
volume. 



SOLD BY ALL BOOKSELLERS. 
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PUBLISHED BT LEi AND BLANCHAKD. 



CHEMISTRY FOR STUDENTS. 
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ELEMENTARY CHEMISTRY 

THEORETICAL AND PRACTICAL; 
BY GEORGE POWNES, PH.D. 

CBnnCAL LXCTtrSES TO THX MIDDLESEX HOSPITAL MEDICAL 8CB00L» IXC. ITO. 
EDITED, WITH ADDITIONS 9 

BT ROBERT BRIDGES, M. D., 
ntonssom or ftsvEEAL avd fbaxmaceutical cHBinsmT zir tbs yib&a* 

DELFHIA COLLEGE OF FHARMACT, ETC. 

tak MM large ISnao* ▼olame, wlilk nearly ti^o Ifcun^ed iirood*eatf*- 



TIm elitmeter of this work ii inch n to leeominead it to all eoHflROi and ftceileiMM io want 
of a text-book. It is Ailty brouf hi up to the daj. coDtaiDioff all tba late viawa and diMovariea 
that hava ao antirelr chaatad the fiica of tha aciaooe. aod it is oomplataly Mtai^rated with wmj 
BooBaroaa wood aof raviagft axirfaDatrnf of all tba diflbraot pr ees Mt a and fimaa of apfwratua. 
Tbotif b itrietly ■eiantifle. it ■ written with ffreat elearaaM and aimplieitr of atyla. readeriac it 
aaar to be eomprahandad bf thoea who are eommenahic tba atndj. 

It aiay ba had wall boond in laatbar, or oaafly dona op io atrong cloth. Ita low piiea plaeaa 
It within tba reach of aiL 

fxfraet a/a letUr from Pr^tstor MiiUngUn^ «/ WUHam ami Manf CaXUge, Vtu 

** 1 have peruwd the book with much pleasure, and find it a roost admirable work ; and, to oiijr 
mind, each a one as is just now much needed io sehoob and coila«ea. * * • All tha books 1 
have met with on eharoistty are either too paarile or too enidita. and I oonfesa Dr. Ptiwnes oook 
aaems Ui be the happiest medium I have seen, and admirablf suited to fill up the hiatus.** 

** Ha has auooaaded io comprislnff tha matter of bis work in 4K>daodadmo pacaa. wUefe. aa- 
aoredlf . is a recommendation of the volume as a text-book fur students. In this lespaet it baa 
advantaaes over any treatise which has yet been offered to American students. The difficulty 
fai a text- book of chemistry ia to treat the suhiect with suflicient fulness, without coiof too mbch 
into detail. For students comparaiivriy ignorant of chemicaj science, tha larcer systaass ara 
unprofitable companbns in their attendance upon lectures. They need a work of a more ele- 
meotaiy eharaeter. by which they may be inducted into the. first prineiples of the science, and 
prepared fur mastering its more abstruse subjects. Such a treatise ia the one which we have 
now the pleasure of introducing to our readera ; no manuHl of chemistry with which we have 
met eomea so near meeting the wants of the begmner. All the prominent truths of the science, 
op to the presrat time, will be found given in it with tha utmost practicabie -brevity. The s^la 
is admirable for its concisenera and clearness. Many wood cuts ar^Ptipplied, by which pro- 
cesses are made intelligible. The author expreases regret that he could not enter more largely 
into onraaic chemistry, but his details will be found to embrace the most important fiicla in that 
iotevastiog branch of the acianca. We ahali neoasaMiid hia manual to our elaas oaxt wiMar.**~- 
7%s WtaUm Jowrmal eif Mediciiu aM Surgtni, 



Though this work has been so recently published, it has already been 
adopted as a textrbook by a large number of Uie higher schools and 
colleges throughout the country, as well as by Professor Silliman, and 
many of the Medical Institutions. As a work fat the upper daases in 
academies and the junior students of colleges, there has been but cue 
OT>iiH(m expressed concerning it, and it may i»dw be considered os th« 
Textbook for the Chemical Student 
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ANEW MBfDICAL DICTIONARY. 

Ift onm Tolnmef^larse ISino^ now ready, at a low prioo» 

A DICTIONARY 
TERMS USED^'lN MEDICINE 

AHD 

THE COLLATERAL SCIENCES; 

BY 

MCHABD D. HOBLYN, A.M., OXON. 

FIEflT AMBRICAN, FROM THlTsECOND LONDON BDITION 



REVISED, WITH NUMEROUS ADDITIONQp 

BY ISAAC HAYS, M.D^ 

IDITOR or TBI AXIEICAN JOUKHAL Of TBB MEDICAL SCISNCIS. 

OPINIOIU OF THE PRESS. 

*• We Imrdlf raoMmber to kav* leaD to nuch valuable matter eoadeond into Muh a mal 
«MDpa« as this little voluine preeeola. The fint edition waa publiihed in 183S, and the p ro a ort . 
MKf be Mid to be aknoft rewritten, introdueiag the moat recent terme on eaeh aubieet The 
Etymulof 7. Greek. Latin. Ifcc. ii carefblly attended to. and the ezplanatiooa are clear and predaei 

** We cannot too atronf If recommend this Mnall and cheap vohune to the Mbraiy of everj iU» 
tett and eveiy praetitaoner.**— JIMwe-GktrwYwe/ Remtw, 



** We gave a verf Oivonrable aeeovnt of tbia little book on Ha fint appearanee, and we have 
eoljr to repeat the praise with inereaaed emphasis. It is. for its siie, decidedly the best book of the 
Uad. and oufht to be 4n the pomem i on of every student ito plan is snlBeientiy eompraheasiva. 
and it contoioi an immense mass of n ec essary information in a very small compass."— ^riCMA ami , 
tknign Meiu0l BMvitw* 

"A wmfc moeh wanted, and vety aMy e«ecnted."~I ,eiMto« JIfedicgl Jnnai, 

**ThiscoropendioaaTohmie la well adapted for the use of students. It contains a complelt 
jlossary of tlie terms used in medicine,— not only those in common use. but also the eiere raesnt 
and lem familiar names introdaoed by modem writers. The inUroduetion of tabular news of 
different subiects is at once comprehmaire and satbfactory.**— JUWico/ Oaxstto. 

. '* Concise and togeniona.**— Jetaaon** AMten-CAtmr. JtntmaL 

** It ia a very learned, paine-takinff, complete, and useful work,--a DictiMary absolniBly oaest 
IMy in ft mediaai libraiy.*'~Skieetctor. 

/'This is a work that we can cheerfully recommend to all medical atvdenta, and to every physl- 
eten who oecaaionally stumblea acroaa worda. with the meaning of which he is not entirely fa- 
miliar. It indeed follf comes up to «">••* - h:«»:«— — «f »"-«.- «..»k» »» K._r..ii .n<*...k t^ 
expresstbe miire aignification of a v i 

that definition remembered. Some d 
are merely vocabularies of synonynu 

tioa of the meaning of terme ; while i 

wide domain of the roedfcal and phy 

and produced a work that most be hi< i 

a very accurato and full account of tl • 

Its etymolocy. which is very importai 

formed no sham work in bnnging it o i 

always does. He has. not only m na 
the Ameriean practitioner,**— having 
4tc.. and made the work conform to 
numerous, and diRplay a knowledge o 
duairy."— TAe JVeio York Journal n 

** It ia concise, and an may be made the constant companion of the etudent,— and. being small, 
is also cheap. The faet that it has passed under the revision of Dr. Hays, is a guaranty that H 
contains every thing that might be k>oked for in such a work. We take it to be speetaHy •ivp^ 
ed to the wants of niedical students during ther attendance upon lectures, to whom its portablo 
form end small cost will be strong recommendations. Dr. Havh. by various additions and alteve- 
nnns, has adapted it to the Ameriean reader.**— Tk§ WUUm Journal of Modicime wnt 
6urgorit» 
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LBA & BLANCHARD. 
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ANATOMY. 



ANATOMICAL ATLAS, iUMtrativel 
tf tii8 Stractore of the Human Body ; with 
•▼er Six Hundred Biuitr^tione ; the most i 
complete work of the kind ever iaeued, — 
bea«itifiil^ enecvtedi in One Volome Im- 
perial Octayo : by H. H. Smith, M.D., un- 
der the mipervHiOD of Psefintor W.B. Hor- 
ner. 

HORNER'S Speciil Anatomy and Hie- 



tology ; 6th edition, mncfa improrad. 3 vni 
8to., 1114 pages. 

WILSON'S Human Anatomy; a bs« 
edition (the second) reyiaed, with addkioa 
byDr.Goddaidt SQf7beantifcdc«Ca. 8m, 
608 pages. 

WILSON'S Diteeetor, or Pnedol mi 
Surgical Anatomjr: with additiona by CM- 
dardh-106 cot*. Royal iSoio., 444 pifaL 



PHYSIOLOO-T. 



CARPENTER'S Htfman Physiology; 
with notes and additions by Meredith Ciy* 
mer, and oyer 100 cuts— 4n Svo., 618 pages. 

DUNGLISON'S Human Physiology; 
the fifth edition, with numerous additions 
and 300 cuts— in 2 yols, 8yo., 1304 



HARRISON on the Nemms Sytfan; 
8yo., 292 pages. 

MULLER'S Elements of PkysHkr 
by Baly, arranged by fiell— 6vo.»886p*eH. 

ROGET'S Ontliaes of Phywakigy- 
Syo., 516 pages. 



PATHOLOaY. 



ABERCROBfBIE <m the Bnin. Third 
•dltio»--8yo., 324 pages. 

AUSON'S Outlines of Pathology. Sro., 
424 pages. 

ANDRAL on the Blood in Disease. 130 
pages, 8yo. 

BELL on the Teeth, with plates— 8yo., 
350 pages. 

BERZELIUS on the Kidneys and Urine. 
8vo., 178 pages. 

BARTLETT on the Feyen of the 
United States— 6yo., 394 pages. 

' BILUNGS' Pnneqiles of Medicine— 
Ova, 304 pages. 

BRODIE on the Urinary Organs. 8yb., 
214 pages. 

BRODIE on the Diseases of the J<»nts. 
SvQm 216 pages. 

CHAPMAN on Thoracic and Abdomi- 
nal Viscera. 8yo., 384 pages. 

CHAPMAN on Eruptiye Fevers, &c 
8vo., pages— nearly ready. 

HOPE'S Treatise on the Diseases of the 



Heart and Great Vessels, with iidditinns bf 
Pennock. Svo., 572 pages. 

JONES and TODD on the Diaeasastf 
the £sr» edited by Dr. Hays; with numo- 
ouscuts. 8vo., page»— preparing. 

LAWREiNCE'S Treatise on the Dii- 
eases of the Eye, with additions by Hayi. 
and numerous cuts. 8yo., 778 pages. 

PROUT'S Treatise on Stomach and 1U- 
nal Diseases, vrith coloured plates. Bn^ 
466 pages. 

PHILIP'S Treatise on Pnilmetad Infi 
gestion. 8yo.t 240 pages. 

RICORD'S Treatise on Venenal Dii- 
eases. 8vo., 256 pagea. 

WALSHE'S Diagnosis of die ] 
of the Lungs. 13mo., 310 pages. 

WILSON on Uie Diseases of the Skio. 
8yo., 370 pages. 

WILLIAMS' Principles and Pathologr 
with additions by Cljrmer. 8yo., 384 psgct 

WILLIAMS on the Respiratory Orgsai, 
edited by Ciymer. 8vo.» 
ready. 



PRACTICE OF MEDICINE. 

CHURCHILL on theDiseasss oTFs' 
males, including those of Pregnancy aaJ 
Childbed ; wiUi additions by Hoston. 8ts.« 
596 pages. 

COATES'PopnhrMe&ma. 8v«.^14p^ 
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ASHWELL on the Diseases of Females, 
byGoddard. IvoLavo., pages— near- 
ly ready. 

CONDIE^S Practical Treatise on the 
P i se s issofChddrsn. 1 vol Svo., 650 pages. 



EVERY MAN 
HIS OWN CATTLE DOCTOR' 

CO NT AIMING 

THB CAUdBS, SntfPTOHS, AND TEEATMSNT OF ALL TUB 
DISEASES INCIDENT TO 

OXEN, SHEEP, AND SWINE; 

AND A SKETCH OF THE 

ANATOMY AND PHYSIOLOGY 

OF 

NEAT CATTLE. 
BY FRANCIS CLATER. 

BDITBD, RBVIBED. AND ALMOST KEWRITTBN, 

BY WILLIAM YOUATT. 

AUTBOR or "thx boxss/* ice. 

WITH NUMEROUS ADDITIONS, 

BMBRACINO 

AN ESSAY ON THE USE OF OXEN, 

AND THB 

IMPROVEMENT IN THE BREED OF SHEEP, Ste. 
BY J. S. SKINNER, 

ASSISTANT POSTMASTBR CIBNBXAL. 

WITH NUMEROUS CUTS AND ILLUSTRATIONS. 

PHILADELPHIA^ 

LEA AND BLANCHARD. 

1844. 
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PUBLISHED BY LEA AND BLANCHAJUX 

MISS ACTON^S COOKERY. 



MODERN COOKERY IN ALL ITS BRANCHES, redoced to a 
Sveten of Easy Practice, fi>r the use of Private Funilies. la a Series 
of Practical Receipts, all of which are given with the meet minute 
ezactnen. By Euza Acroir. With numeroos Wood-cut Illost]:&tioii& 
To which is added, a Table of Weights and Measures. ~The whole 
revised and prepared for American Hoosekeepers, by Mbs. Sarah 
J. Halb, from the second London Edition. In one large 12ma voluine. 



The pablishers beg to present a few of the testimonials of the RngliA 
press in fiivour of this work. 

** Mmi EHul AetM mMf coagratolata henelf ob kavioff eompowd a work ormftt atifitr. wri 
«M that ii ipoedily Oadinff ita waj to avery 'diaMtr* in the kiofdom. Bar CookerF^book m 
WKHMitioaabl/ the nott Taloable eomMadiam of the art thtt hw y«t been pabGdMil. It 
•tronilj inevleatee eeonoBuoai prinoipiot, and point* out how good thinii maf ba coaooctod 
wiihoat that leekleii eztrafacanee which good eooki have beea wont to imacine the beat «n. 
deaee they can give afeliUI in their profoision.'*— I.Miitfii JCmung PmL 

** The arraagament adopted bj Mi« Acton is exoeilaot She bai trusted nothiac to othan. 
flbe has proved all she hae wrtiica br penoaal hwpeolioa and expactaient. The noT«l featoia 
of her book, which will greatly facilitate tbelaboufsof the kitchen, is the ■ummary anpendad la 
each laeipe of the aMterials which it contains, with the uact propoctioa of ovary instediaaiU 
and the precise tiBM rsqoired to dress the whole.**— Z.«a4im JitUu, 

*' A ware of oaf own incompeieoay to prooottnca opon the daims of this Tohmia ta the aoai- 
deaee of ihoee most interested in its contents* we submitted it to more than one profeseor of the 
art of cookoiy. Ilie report made to as Is more than fayourable. We are assured that Mm 
Actoa^ instrnctions may be safely followed ; her receipts are distinguished for ezoellenea. Hm 
dishse prepared acooiding to Miss Acton*s diroctioos—all of whicb« she tells os^ have boea 
teetad and apiwoTed—will give satisfaction by their delicacy, and will bo found eeononieal in 
price as wall as delicious in flavour. With such attestations to its superior worth, thaia is no 
doubt that the volume wiU be purchased and consulted by the domestic authorities of every 
fiuoUy hi which food coskuft combioed with rigid economy, is an ohiect of interest'*-— CTIs^ 

*' We have solvected this book to the eevere test of praetioe, and we readily concede to It the 
merit of bemg a most useful auxiliary to the presiding genius of the caistas. The iostnictioBs 
h gives In all that relates to culinary affairs are comprehensive, judicious, and completelF 
divested aT okkftahiooed twaddia. It contains, besidea. some novel features, eateulatad to facili- 
tate the labours of cookery ; the principal of these is the sumnoary appended to each receipt of 
the exact quantitiee of the ingredients it eoataini^ and the precise time roquired to drees Iha 
dish. To the practical woman who seeks to combine comfort with economy In the dirsetioa of 
her bonsebold coaoerns* this book will prove an invahiaUe ti6asam.**->Saiida|r Timt$. 

** W« cannot, therefore, too warmly lacommend to the notioe of our Junior bvethrMi thii oooh 
pUation of Bliaa Acton*s, which will prove as useful to young Mrs. and her cook hi the kitebeo, 
as Thomson's Dimwasatory or Conspectus to the young doctor hi the library.**— Jfsdtse-CilAin^ 
#ical Review. 

" Mistress Adan writes well, to the point, and like a woman of sterling sense: her preftoe onghl 
to be prfaited on a broadside, and uught to aH the young kulies at all the boardiog-schoolib 
and all tha day-schools, whether boarding or not, m England. 

'*Tha whole of Miss Aeton*s receipts, with a few trifling exceptions, which are serapo- 
lously specified, 'are confined to such as. nay be perfectly depended on from havmg base piaved 
beneath our own roof, and under our personal inspection.* We add, moreover, that tha 
laoeipts are all reasoaable, and never in any instance extravagant. They do not bid nmeri- 
fice ten pounds of excellent meat that we may get a couple of quarts of gravy from it; nordo tbey 
deal with butter and eggs as if fhey cost nothing. Miss Acton's book is a good book is every 
way; there is right-mindedness in every page of it, as well as thorotirh knowledge of tlie n^ 
isct she handles. "—Z^mifon Medical OaieU$, (J4) 
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Second edition, in 2 volumes 8va» 132S 
imgee. 
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large Svo., 2016 pages. 
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first edition can be had separate. >^ 

WATSON on the Principles and Pno« 
tioe of Physic. 8to., 920 large pages. 
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COOPER'S ^Shr Astley) Treatise on 
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9yo,, 428 pages. 

COOPER (Sir Astley) on the Tesds and 
Thymus Glandu, with lithographic plates. 
Imperial 8vo., pages— nearly ready. 
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Memoir and Portrait. Svo., 500 pages. 
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edition, witli 153 cuts ; Svo., 568 pages. 
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Surgery, edited by Nonris, with 246 cuts. 
890», 630 pages. 
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164 pages. 

LAWRENCE'S Treatise on Ruptures, 
8to., 480 pages. 

MAURY'S Dental Suigery, with mi 
merons plates and cuts. 8to., 286 pages. 

ROBERTSON on the Teeth. 8vo.« 
230 pages* 



THERAPEUTICS AND MATERIA MEDIOA. 



DUNOUSON'S Therapentics and Ma- 
teria Medica; a new wors. 2 yols. 8vo., 
1004psges. 

DUNGLISON'S Treatise on New Re- 
medies. Fifth edition, 8vo., 616 pages. 



ELLIS' Medical Formulary^ by Morton 
Seventh edition, 8to., 262 pages. 

PEREIRA'S Elements of Materia Mo 
dica and Therapeutics ; edited by CarsoUt 
with 280 cuts. 2 vols. 8vo., 1566 pages. 
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CHURCHILL on the Theory and Prac- 
tice of Midwifery, by Huston; 116 cuts. 
8vo., 520 psges. 

DEWEES' System of Midwifery, with 
Plates. Tenth edition, 8vo., 660 psges. 



RIGBY'S System of Midwifery, witk 
cuts. 8vo., 492 pages. 

RAMSBOTHAM on Parturition, witk 
figures in lithography. Imperial 8vo., 458i 
< pages* 
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DUNGUSON on Human Health; a 



second edition revised, with addidons. 8vo.,^ 
464 pages. 

GRAHAM'S Elements of Chemistry by 
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MEDICAL JURISPRUDENCE AND MEDICAL EDUCATION. 

CHITTY'S Medical Jurisprudence.—! TRAILL'S Medical Jurisprudent 
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DUNGLISON'S Medical Student; a new edition, large 12mo. 
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natnre and treatment of Diseases, includ- 
ing those of Women and Children, Materia 
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deuce, dtc, dLC. Edited by Forbes, Twee- 
die, Conolly and Dunglison. 4 large Su- 
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DUNGLISON'S Medical Dictionary ; 
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N9W ready, in One Vchime 6vo. with UtwbnUi&M. 

t HE HOR SE, 

BY WILLIAM YOUATT. 

A mw EDITION, wrra mnnnotm ni.usTSATiomi 

coKTAiirais t rm. accovmt or ^b 

DISEASES OF THE HORSE, 

WITH THEIR MODE OP TREATMENT; 
HIS ANATOMY, 

AND THE USUAL OPERATIONS PERFORMED ON fflM; 
MS BREEDING, BREMONG, AND MANAGEMENT} 

AND SEIKTS Olf HIS SOUNDNBSS^ AND TttlS 
]^DttCHA8£ AND SALJfe. 



TOGSTHfilt WITH A 

GENERAL HISTOKY OF THE HORSE; 

A DI88BRTATI0N OIT 

THE AMERICAN TROTTING HORSE, 

HOW TRAINED AND JOCKBTED, 
AN ACOOVNt OF HIS RCMAHKABLE PERFORMANCES ( 

AN ESSAY ON THE ASS AND THE MULE, 

BY J. S. SKINNER, 

AA^tOBt Post Master Qeaeinl, ftnd Editor of the Tnxf Begistafe 



PHILADELPHIA! 
LEA AND B LANG HARD. 

1844. 

RBPUBLISHEO FROM THB KRW CDiriolV JUdT ISSUED IN LONDOll, 
BY THB 80CIBTT FOR DIFFUSING USEFUL KNOWLBOGB. 



PHILADELPHIA. 
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W0BI8 FOS FAULT USE PUBUSIBD BT Hi A» BUHCHilB. 

FrabcateUI'sHiadem French Cookery. 

THE MODERIM COOIC, 

A PRACTICAL GUIDE TO THE CULINARY ART, IN ALL ITS BRANCHES^ 

AOAnXD AM -^XLL TOR VSOt LABOUT gUjBMHOiTBnm AS warn THB VSB OF njTAn FAKILEHl 

BY CHARLES ZhUlk FBANCAT£UJ. 

Papil oft&e celebrated Careme, and late Mattre I^Hdtel and Chief Cook to h»t Maieatr 

the Queen. 
jM-tffM largt oetaoo volunUi extra dotkf vUh nnmerou$ iUustrmtions, 

MISS ACTON'S COOKERY. 

MODERN COOKERT IN ALL IfS BRANCHES, redaeed to a System of 
Easy Practice, for the use of Private Families. In a Series of Practical Receipts, 
all of which are given with the most minute exactness. By Eliza Acton. With 
nnmerons Woodeut lUustratioiw. To which is aidded, a Table of Weights and 
Measures. * Ther- whole revised and prepared for American Housekeepers, by 
Mrs. Sakah J. Hale, from the second London edition. In 1 large 12mo. vol. 

"The arrangement adopted by Wiw Acton is exeellent She has trusted nothing to 
others. She has proved all she has written by personal inspection and experiment The 
novel feature of her book, which will greatly faeilitaiie the labors of the kitchen, is the 
sumoiary appended to each recipe of the materials which it contains, with the exact pro- 
portion of every ingredient, and the precise time required to dtess the yrhxAef^^^ijoruUm 
AtUu. 

THE COMPLETE COOK. Pirt«« Tw«A*y-«r» 0«irtifc 

PLAIN AND PRACTICAL DIRECXIONS FOR OOOKINO AND HOUSEKEEPING^ 

WITH WWAABS or SETEN HUNSBES ftXCBIFTit 

Consisting oTDlrectiohs for the choice of Mfeat and Poultry ; Preparations ^ibr Cooking; 




lin House, Philadelphia. In one ISmo. volume, price 25 cents. 
THE COMPLETE CONFECTIONED. Friee »5 Cents. 

TIK flOmiTE CONFECTigirEK, PASTRY GOOI ARB BUEB. 

PLAIN AND PRACTICAL DIRECTIONS FOR MAKING CONFECTIONERY AND 

PASTRY, AND FOR BAKINO, WITH UPWARDS OF FIVE HUNDRED 

RECEIPTS, 

COirSISTINO OF 

Directions for malcing all sorts of Preserves, Sugar Boiling, Comfits, Lozenges, Oma- 
raeatal Cakes, foes, iLiqueors, Waters, Gum Paste Ornameius, Syrups, Jelli0», Marraa* 
lades. Compotes, Bread Baking, Artificial Yeasts, Fancy Biscuits, Cakes, Rolls, Muffins, 
Taru, Pies, Ac. Ac. With Additions and Alterations, by Parkinson, Practical Confeo- 
tioner, Chestnut StxeeU In one small volume, paper. Prioa only Twenty-five cents. 

THOMSON ON THE SICK KOOM. 

THE DOMESTIC MANAGEMENT OF THE SICK ROOM, NECESSARY 

IN AID OF MEDICAL TREATMENT, FOR THB CURS OF DISBABRt* 

Bt a. T. Thomson, M. D., etc. etc. From the Se<*'>nd London EdiUon. 

Edited 1^ R. E. Gjufvik, M. D-i &g. In one soyal 12mo. volame, cloth exirii 
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f inu FeR tPORTsnn, pubusifd bt lba m buschasiii 

HAWKER ON^ SHOOTING. 

INSTRUCTIONS TO YOUNG SPORTSMEN, 

Ur JkU, mAT BELATBS TO 

BVNS ANI SHOBTOn. 

Bt Lixut. Col. P. HAWKER 

First Americaa from the Ninth London Edition. 

TO WHICH U ADSBD, 

HUNTTNO AND SHOOTING OF NORTH AMERICA^WTTH DESORIP- 
nONS OP THC ANIMALS AND BIRDS: CAREFUtLY 
COLLATED FROM AUTHENTIC SOURCES. 

Bt Wjc T. porter, Eso. 

Editor of the N. Y. Spirit of the Timet. 

With Ulnstratlone. 

In om beautiful octavo volunuy extra doth. 



YOUATT ON THE DOQ. 
THE DOG. 

By WILLIAM YOUATT, 

CONTAINING THE HISTORY OF THE DOG, HIS VARIETIES, QUALITIES. 
ANATOMY, DISEASES, TREATMENT, BREEDING, &!e. &c ^ 

Edited with ADDmoBi, bt £. J. LEWIS, M. D., &c. 

in 9mm wf sett ToUune, crown octavo, with twenty-fow. platet, o«tntifollj 

engraved on wood. 

SKINNER ON^ THE DOG. 

TIE nofi anh tie sfoitsmah. 

EMBRACING THE USES, BREEDING, TRAINING, DISEASES, &c« kc^ 

OF DOGS. 
AND AN ACCOUNT OF THE DIFFERFJ^T KINDS OF GAM£L WITH THEIR 

HABITS. 

ALSO, HINTS TO SHOOTERS, 
WITH TARI.OUS USEFUL RECIPBS^ k9*. 

By J. S. SKINNER, Esq., 

Former Editor of the Turf Regitter. 

'VITltli Plates.^ 

In one neat volmne, royal 13mo., extra doth. ^ 

STABLE TALK AND TABLE TALK; 
OR, SPECTACLES FOR YOUNG SPORTSMEN. 

BY HARRY HIEOVER. 
In one very neat duodecimo volume, extra cloth. 

THE SPORTSMAN'S LIBRARY, 

on 

HINTS ON HUNTING, HITNTERS, HOUNDS, SHOOTING, GAME, DOGS. 

GUNS, FISHING, COURSING, &c. fcc. 

In one well printed volame, doodecimo, extra cloth. 
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WORKa ON THE HORSEi CATTLE| A^O. 
PUBUSIES BT LBAJlRD BUSCIUm 

THE hTo RS E, 

BY WILLIAM YOUATT. 
A. NEW EDITION, WITH NUMEROUS ILLUSTRATION8| 

COlfTAIinOfO A FULL ACCOUNT OF THE 

DISEASES OF THE HORSE, 

WITH THEIR MODE OF TREATMENTS 

HIS ANATOMY, 

AND THE USUAL OPERATIONS PERFORMED ON HIM; 

HIS BtESDING, BREiKIRfi, IND HANMEBENT; 

AND HINTS ON HIS SOUNDNESS, AND THE PURCHASE AND SALE. 

TOOETHE& WITH A 

OENERAI. HISTORY OF THE HORSE) 

A. DISSERTATION ON THE 

• AMERICAN TROTTING HORSE; 

HOW TRAINED AND JOCKEYED, 
AN ACCOUNT OF HIS REMARKABLE PERFORMANCES | 

AND 

AN ESSAY ON THE ASS AND THE MULE, 

BY J. S. SKINNER, 

▲niftant Post Matter General, and Editor of the Turl* Rqjifter. ' 

In otu iHoi octavo volume^ with numerotu UliuiraHons, 

CLATER'S FARRIER. 
^VERY MAN HIS OWN FARRIER; 

CXnVTAINING THE CAUSES, SYMPTOMS, AND MOST APPROVED 
METHODS OF CURE OF THE DISEA^^ES OF HORSES. 

By FRANCIS CLATER, 

Author of « Every Man hia own Cattle Doetor.*» 
Airo HU Son JOHN CLATER. 

rnST AKERICAV FKOH THE TWXHTT- EIGHTH LOUDON EDITIOVy WITH K0TE8 AHB 

ADDITIONS, 

BY J. S. SKINNER. 

In one Vimo. vtUume^ eloth. 
<'Lea & Blanchard have just published Clater's capital treatise on the i>£t- 
§ase9 of Horses, containing ' the causes, symptoms, and most approved methods 
of cure,' with valuable notes and additions by J. S. Skinner, Esq. — This is the 
first American from the twenty-eighth English edition of this standard work, 
which should find its way into the hands of every lover of the Horse."'^iir. Tm 
Spirit qf the Times. 

CLATER'S CATTLE DOCTOR. 
EVERY MAN HIS OWN CATTLE DOCTOR. 

COITTAININO THE CaUSBS, StmPTOHS AND TREATMENT OF AU. DISEASES nrCmXMT 

TO Oxen, Sheep and Swine ; and a Sketch of the Anatomy and 

Physioloot of Neat Cattle. 

BY FRANCIS CLATER. 

Edited, Revised, and almost Rewritten by Williah Youatt. With Nameroiu 

Additions, embracing an Essay on the I7se of Oxen, and the Improvement 

^ in the Breed of Sheep, by J. S. Skinner, Asst. P. M. Genend. 

In ont duodecimo volwm*y chlfh <c*<^ numerous BhutraUons. 
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^ouB OH eiuBDM^ nc^niunBD n uu m buhchikd 

THE QARDENER'S DIOTIONAAY. ' H^ H««dr. 

A BICTlbHABT OF MOOBRH ffARBBMIM. 

BY GEORGE WILLIAM JOHNSON, Esq, 

£dited aitd adapted to the United Statei, 

BY D.LANDRSTH, £s«. 

In one large royal 12nio. rolame, with manj iUastrationa. 

" Utility, more than eitlMr OTi|efRn)tty of oontents> or elefaac« of matter, has been tha 
•nihor't priaeipal object in the following pafes. He ha» endea^nred to gatner lomther in 
one volume, attniaable at a moderate pnee, a well arranged and easily eoosnlted twsptd 
•f gardeninir as it is. To effect this objeet hohas obtained aid from the best living author 
ities, aawen as ftom their pobHshedworiis, but he has not negieeied those of othec i^ods 
where he has found in them directions upon which die modems have fooadad no impfovo> 
•lent"— Frtfatt, 

** A work of this kind has long been a desideratom to the practical gardener, presenting 
as it does all the multifariotts iiuormation which he requires, in a portable fi>rm. This its 
al|riiabetieal arrangement and extreme compendiousaess has enabled the author to do, 
still maintaining iu clearness and ease of reference. The name of the editor is sufficient 
guarantee. thM whatever may be necessary 10 fit it for the American hoiliealtnrist hss 
beea added In a msaner that will not impair itt original unity of design. 



THE COMPLETE FLORIST. 
A MANUAL OF GARDENING, 

COITTAIlfUIII 

PRACTICAL INSTRUCTION FOR THE MANA0EMBNT (^ GtREEN^ 

BQfOSE PLANTS, AND FOR THE CULTIVATION OF THE 

SHRUBBERY, THE FLOWER GARDEN, AND 

THE LAWN. 

With Descriptions «f thoee Plants and Trees most wordiy of Cnltnre in eish 

Department. 

WITR AUDITIONS AND AXDNDIIBKTS, 

ADAPTED TO THE CLIMATE OF THE UNITED STATES. 
In one small volume. 



na snFunx KifGiEi Aim trvxt hauieneil 

k SELECT MANUAL OF KITCHEN GA^RDENING, 

AND THE CULTURE OF FRUITS. 

covTAzirnro 

FAMILIAR J)IRECTtONS FOR THE MOST APPROVED PRAtmCE IN 

EACH DEPARTMENT, DESCRIPTIONS OF MANY VALUA- 

BLE FRUITS, AND A CALENDAR OF WORK TO 

BE PERFORMED EACH MONTH IN THE 

YEAR, 

TBS WHOLE ADAPTED TO THE CLIMATE OP THE UNITED STATB& 

In one small volome, paper. 

JPHce mag Tweniif^ve Cmii»t 
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